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Amino Aciduria of E-Avitaminosis. Exceptional Role of Glycine.* 


(24734) 


J. F. Drenx (Introduced by Paul L. Day) 
Dept. of Biochemistry, School of Medicine, University of Arkansas, Little Rock 


An increased urinary excretion of free amino 
acids in Vit. E deficiency in rabbits has been 
reported(1,2,3,4). In those studies free 
amino nitrogen in urine was determined but 
apparently no effort was made to determine 
amino acid composition of the urine. It 
seemed desirable to determine whether this 
increase of free amino nitrogen was caused by 
uniform increase of all amino acids in urine, 
or if perhaps the excretion of only one or a 
few amino acids was elevated. 

Methods. White New Zealand rabbits of 
mixed breed, weighing about 500 g each, were 
placed in metabolism cages and fed a dys- 
trophy-producing diet ad lib. The diet has 
the same composition as that described by 
Young and Dinning(5) except that roughage, 
i.e. cellulose (Alphacel) was added equal to 
one-third of weight of the other ingredients. 
Water was added to form a dough which was 
then spread out and dried by an electric fan. 
The dry, hardened dough was broken into 
cookie-sized pieces. Three rabbits received 
this diet alone, 3 other rabbits received the 
same diet plus oral supplements of 4 mg of 


* Supported by research grant from Nat. Inst. 
Health, P.H.S. 


a-tocopherol acetate/kg body weight twice 
weekly. Daily urine samples were collected, 
stored under toluene at 4°C, and analyzed for 
amino acid composition by 2-dimensional pa- 
per chromatography, for glycine by the meth- 
od of Alexander e¢ al.(6), and for amino-nitro- 
gen by the copper method(7). Creatine and 
creatinine were determined by the Folin 
method in urine samples collected during first 
and fourth week of experiment. When the 
Vit. E-deficient animals developed severe mus- 
cular weakness and exhibited a-urinary crea- 
tine:creatinine ratio of over 2 after about 4 
weeks feeding, they were sacrificed for pur- 
poses not related with the present report. 
Control animals were sacrificed at exactly 4 
weeks. 


Results. The 2-dimensional paper chro- 
matograms of urine samples from deficient 
rabbits, showed a rather uniform pattern of 
ninhydrin-positive spots throughout experi- 
ment. There was no strong increase in size 
and color intensities of any one spot, but 
rather a slight uniform increase of all spots 
with one exception; glycine seemed to de- 
crease, or at least there was no increase in size 
and color intensity of the glycine spot. 
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TABLE I. Average Daily Urinary Exeretion of Free Glycine and Free Amino Nitrogen by 
Control and Vit. E Deficient Rabbits. (Results expressed as mg/kg body wt + stand. error.) 
ee 


Deficient animals 


Control animals 


Glycine N Glycine N 
Period of as % of as % of 
exp. (wk) Glycine Amino N amino N Glycine Amino N amino N 
Ist 1953) = 105 8.4 + 3.1 43 26.4 + 3.4 10.9 + 1.4 45 
2nd 23.5 +: 4.3 8.9 eyes 49 25.8 + 2.1 9.5 + 2.0 bl 
3rd WG) aie hdl 8.6 + 2.4 42 25.8 + 3.8 HieSee 10) 41 
4th 16.9. 3.2 15.5 + 3.7 20 Wale ta as 7.4-+ 1.0 45 


Results of quantitative determinations of 
glycine and aminonitrogen are summarized in 
Table I. The slight decrease of urinary gly- 
cine in the deficient group is inconclusive in 
view of a decrease of glycine in the control 
group. But the increase of amino-nitrogen in 
the deficient group is certainly not paralleled 
by an increase of glycine. This becomes 
clearer from columns 4 and 7 of Table I, 
where glycine-nitrogen (calculated from the 
glycine content) is expressed as percent of 
total free amino-nitrogen content. In the con- 
trol group glycine accounts for 41 to 51% of 
amino-nitrogen, glycine content in the defi- 
cient drops to 20% of amino-nitrogen. 


The present results seem of interest in view 
of findings of other authors that glycine is in 
some way implicated in the dystrophic state. 
Tallan(8) reported increased concentration of 
most free amino acids in muscle extracts of 
dystrophic rabbits except for glycine, which 
was significantly reduced. This was confirmed 
by Smith and Nelson(9). Smith and Neho- 
rayan(10) showed recently that reduction of 
tissue phosphatase observed in dystrophic 
rabbits is prevented by addition of 1% gly- 
cine to the diet. 


Autoradiography of the Isolated Nephron.* 


E. M. DarmMApyt AND Fay STRANACKt 


Summary. 1. That excretion of free amino 
nitrogen in urine is elevated in dystrophic 
state of rabbits on Vit. E-free diet has been 
confirmed. 2. Glycine shows an exceptional 
behavior insofar as increased amino nitrogen 
excretion is not paralleled by increased gly- 
cine excretion. 


We are indebted to Dr. James S. Dinning for valu- 3 
able advice and discussion, and to Mrs. T. E. Ashcraft 
for able technical assistance. 
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Detection of radioactive substances in tis- 
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sues by autoradiography has been widely 
used. Difficulty has sometimes been experi- 
enced in interpreting the exact site of activity 
within the kidney owing to its complex ana- 
tomy and that histological sections do not give 
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FIG. 1. Autoradiogram of proximal convoluted tubule from a rat receiving 2 mg of C,, Vit. 


D, (spec. activity 1.15 uwc/mg). 


(a) Focused on tubule (left) ; 


(b) Focused on stripping film 


overlying the same area and showing marked activity in proximal convoluted tubule (right) 


xX 95. 
FIG. 2. 

tubule (top right) ; 

(bottom right) & 95. 
PIG. 3. 


Autoradiogram of ascending limb from same kidney as in Fig. 1. (a) Focused on 
(b) Focused on stripping film over the same. Note absence of activity 


Autoradiogram of ascending limb and distal convoluted tubule from a rat inj. 


intray. with 16 units of I,;, Pitressin (spec. activity 1 wc/unit). (a) Focused on tubules (left) ; 
(b) Focused on stripping film overlying same area, showing a lack of activity over ascending 
limb, i.e., between the 2 artifacts, but with marked activity over distal convoluted tubules 


(right) X 95. 


continuity in the picture of the nephron. The 
technic described below overcomes these dif- 
ficulties and enables more precise localization 
to be made. 

Methods. After injection of radioactive 
material into an animal, it was killed and the 


kidneys removed and fixed quickly in 10% 
Formal saline. The nephrons were then pre- 
pared by microdissection by the method pre- 
viously described(1), and mounted on micro- 
scope slides. Adherence of the nephrons was 
insured by allowing the preparation to dry at 
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room temperature. Autoradiograms were 
then prepared by the stripping film technic of 
Pelc(2), and were left to expose in a light 
tight box at 4°C. Exposure time varied from 
a few days to 8 weeks according to isotope 
used and its concentrations in the kidney. 
After suitable exposure autoradiograms were 
developed, fixed, dried and permanently 
mounted. As staining technics were not alto- 
gether satisfactory, the preparations were pho- 
tographed using both transmitted light and 
phase contrast microscopy. 


Results. By this method the site of action 
of certain labelled substances has been local- 
ized to specific portions of the nephron. For 
example, a rat treated with 2 mg of Cy, Vit. 
Dez (spec. activity 1.15 »c/mg)? showed that 
in the kidney the site of activity was confined 
to proximal convoluted tubule (Fig. la and b) 
and not in the remaining portion of the ne- 
phron (Fig. 2a and b), whereas in the dog 
200 mg of MersalylS (sodium salt of 2-(3- 
hydroxymercuri-2-methoxy-propylcarbamoyl) 
phenoxyacetic acid) labelled with 1 mc of 


t+ We wish to thank Dr. E. Kodicek fcr making 
this material available to us. 

§ We wish to thank Dr. P. H. Sanderson for this 
material. 

|| We wish to thank Messrs. Parke, Davis Co., Eng- 
land for this material. 
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Hgoo3 (spec. activity 5 »c/mg) acted in the 
lower end of proximal convolution, and not — 


in the remaining portion of the nephron. On 
the other hand, rats conditioned by increasing 
doses of iodinated Pitressin, when injected in- 
travenously with 8-16 units of Pitressin|| la- 
belled with I,3; (spec. activity 1 pc/unit) 


showed that the activity was to be found in — 


the distal convoluted and collecting tubules 
(Fig. 3a and b). 

The potential value of this method for in- 
vestigation of the site of action of substances 
within the kidney offers a useful adjunct to 
present technics and may be particularly effec- 
tive for physiological substances which can- 
not be detected by staining procedures. 

Summary. A method is described in which 
the combination of microdissection and a 
stripping film technic has provided autoradio- 
grams of the isolated nephron. Accurate lo- 
calization of site of action of suitable tagged 
materials was obtained. For example, after 
injection of C,4 Vit. De, activity was found 
only in the proximal convoluted tubule, while 
with I,s; Pitressin it was localized to the dis- 
tal convoluted and collecting tubules. 


1. Darmady, E. M., Stranack, F., Brit. Med. Bull., 
1957, v13, 21. 
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Production of Nephrotic Syndrome in Rats by Freund’s Adjuvants and 


Rat Kidney Suspensions.* 
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WALTER HEYMANN, DoNALp B. HACKEL, SARGENT Harwoop, SYDNEY G. F. WILson 
AND JANET L. P. HUNTER 
Babies and Children’s Hospital, and Cleveland Metropolitan General Hospital, Western Reserve 
University School of Medicine, Cleveland, O. 


It has been shown that renal disease pro- 
duced in rats by intravenous injection of anti- 
rat kidney serum obtained from rabbits simu- 
lates the nephrotic syndrome as observed in 
infants and children(1). This observation 
has stimulated the view that the disease in 


* Suppcrted by grant from Nat. Inst. of Health, 
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man may be due to an antigen-antibody reac- 
tion. The following suggestive evidence sup- 
ports this hypothesis: 1) It has been noted 
that in nephrotic patients complement. activ- 
ity in blood serum is decreased(2,3), and 2) 
Increased deposition of globulins has been 
noted in the glomerular structures of nephrotic 
kidneys(4). Even though heteronephrotoxic 
antibodies have been shown to induce the ne- 
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phrotic syndrome in rats(1) it has thus far 
not been possible to produce nephrotic renal 
disease experimentally by iso- or autosensiti- 
zation to kidney proteins. The following 
studies suggest this immunochemical process 
as the underlying pathogenetic mechanism. 


Methods and procedures. Rats of Sprague- 
Dawley strain were used. They were fed 
Friskiest and weighed 150-180 g at onset. 
Methods for chemical determinations in urine 
and blood sera have recently been described 
(5). Freund’s adjuvants consisted of 8.5 ml 
Bayol F, 1.5 ml Arlacel A and 20 mg killed 
tubercle bacilli. One ml of this suspension 
was thoroughly mixed before each injection 
with 0.4 cc of low speed supernate (3000-4000 
rpm for 1 to 1% hr) of a 1:1 blood-free rat 
kidney, liver, lung or muscle suspension in 
saline. Because of the smaller amounts of 
kidney material available, a 25% kidney sus- 
pension was used in rats injected with their 
own kidney obtained by previous unilateral 
nephrectomy. 0.25-0.5 ml of the adjuvant- 
tissue suspension mixture was given every sec- 
ond week by intraperitoneal injection for a 
maximum of 6 times. Whenever proteinuria 
in excess of 150 mg/24 hr was noted no fur- 
ther injections were given. Determinations of 
protein nitrogen in various tissue suspension 
supernates revealed that the 0.066 ml used 
with each injection contained for kidney 2.45 
mg, liver 1.3 mg, lung 1.0 mg and muscle 0.48 
mg of proteins. Paper electrophoresis indi- 
cated these to be chiefly globulins. Blood 
pressure was measured in unanesthetized, un- 
heated animals with the foot method described 
by Kersten, et al.(6). 

Results. After long-term injections of 
blood-free rat kidney extracts failed to pro- 
duce renal disease by subcutaneous and intra- 
peritoneal injections, rats were also injected 
subcutaneously and into footpads with rat 
kidney extracts and Freund’s adjuvants. No 
renal disease was noted. When 5 rats were 
treated by intraperitoneal injections every 
other week with 0.25 cc of a suspension con- 
taining 1 cc of Freund’s adjuvants and 0.4 
cc of a low speed supernate of a 1:1 blood- 
free rat kidney suspension, proteinuria devel- 


+ Ralston Purina Co., St. Louis, Mo. 


oped after third to sixth injection. This was 
noted only once after the second injection. 
Fig. 1 shows that proteinuria, without gross 
or microscopic hematuria, developed in all 5 
rats so treated. It was of considerable degree 
with values over 200 mg/24 hr in 4 of the 5 
animals. After injections had been discon- 
tinued, renal disease continued without re- 
mission for over 3 months at which time the 
animals were sacrificed. Within that period 
azotemia did not develop, and hypoprotein- 
emia and hyperlipemia were marked, reaching 
maximal values for total lipids in serum of 
3450 mg % and for cholesterol of 577 mg %. 
Blood pressure remained within normal limits 
(6). When the supernate of rat liver suspen- 
sions was used instead of kidney material, only 
one of 6 rats developed a mild nephrotic dis- 
ease. When Freund’s adjuvants were injected 
without additional rat tissue suspension none 
of the 5 rats so treated developed proteinuria. 
Whether or not edema and ascites developed 
is difficult to state, because in some animals, 
and independent of ensuing renal disease, con- 
siderable degrees of ascites were observed 
after second or third injection. This subsided 
spontaneously within one to 2 weeks and did 
not recur even when subsequent intraperi- 
toneal injections were given. The ascites was 
probably due to a sterile granulomatous in- 
flammation of the peritoneum seen at post 
mortem examination in all animals treated 
with adjuvants. Adhesions between loops of 
small intestines were noted in all animals. At 
time of death the peritoneal surface was 
smooth and glossy. Cultures obtained at time 
of death from the peritoneal cavity were nega- 
tive. Cultures for tubercle bacilli and inocu- 
lations of guinea pigs also all remained nega- 
tive. 

A second series of rats were treated in the 
same fashion except that the dose was doubled 
(Fig. 2). Ten rats of the same strain (weigh- 
ing 170-180 g) were injected intraperitoneally 
every other week with 0.5 cc of the suspension 
containing adjuvants and rat kidney super- 
nate. Every rat developed severe nephrotic 
disease after the third or subsequent injection. 
Again proteinuria (without hematuria), hypo- 
proteinemia and hyperlipemia were marked, 
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FIG. 1. Blood chemistry and urine findings in rats given 0.25 ce of Freund’s adjuvants, with 
or without added liver or kidney suspensions. Shaded areas indicate range of normal values. 


Gaver. 


and some azotemia was noted in 3 rats and 
increased blood creatinine concentration was 
noted in 3 rats. Two of the 10 rats injected 
with 0.5 cc of adjuvants developed a mild 
nephrotic disease. 

Twenty-five additional rats were divided 
into 5 groups of 5 animals each. These were 
injected according to the described schedules 
with 0.25 ml of adjuvant-kidney mixture, ad- 
juvant and liver, adjuvant and muscle, adju- 
vant and lung, and adjuvants without added 
tissue suspension supernate. No proteinuria, 
hypoproteinemia or hyperlipemia was noted 
in any of these rats, with the exception of the 
5 rats treated with the adjuvant-kidney mix- 
ture. Marked proteinuria, hypoalbuminemia 
and hyperlipemia developed in each of the 5 
animals after 3, 5 and 6 injections. 

Fifteen animals were then injected every 
second week into the abdominal cavity for a 
total of 6 injections. One to 2 injections were 


Same as Fig. 1, except for use of 0.5 ce of Freund’s adjuvants. 


with 0.5 cc of adjuvants and rat-kidney-ex- 
tract supernate, and 4-5 injections were with 
rat-kidney-extract supernate without adju- 
vants. Only 4 of these 15 rats developed pro- 
teinuria, hypoproteinemia and hyperlipemia. 
Seven male rats weighing 430-500 g were 
subjected to unilateral nephrectomy. Four 
to 13 weeks later they were treated every 2 
weeks by intraperitoneal injection with 0.25 
cc of adjuvants plus 25% rat-kidney-extract 
supernate. Each rat received the kidney-ex- 
tract supernate prepared from his previously 
removed kidney. Five of these animals devel- 
oped a sever nephrotic syndrome, while none 
of the control rats injected with the same 
amount of adjuvants developed proteinuria. 
Microscopic examination of kidneys of all 
rats given adjuvants and rat-kidney suspen- 
sion supernate revealed a similar picture (Fig. 
3). There was moderate to marked thicken- 
ing of the basement membrane regions of the 
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FIG. 3 (A). Normal kidney. Note patent glomerular capillaries, thin basement membrane. 
Periodic-acid Schiff stain. 480 Xx. 

FIG. 3 (B). Kidney of rat inj. with adjuvants plus rat kidney suspension. Note marked 
thickening of basement membrane regions, synechiae, and slight cellular proliferation of capsu- 
lar epithelium. Periodic-acid Schiff stain. 480 x. 


glomerular capillaries, as seen in periodic acid- 
Schiff (PAS) stained sections, and _ slight 
swelling of endothelial cell cytoplasm. There 
was only slight encroachment on the patency 
of the capillary lumina, however, in most in- 
stances. Rare glomeruli showed epithelial 
crescent formation. Numerous eosinophilic, 
PAS-positive casts were present in the tubu- 
lar lumina which were often slightly dilated. 
There were fat droplets (Sudan IV stain) in 
slight to moderate amounts in the basal por- 
tion of the cells, and small focal collections of 
lymphocytes and plasma cells were present in 
the interstitial tissue. No evidence of amyloid 
deposition was seen in sections of kidney, liver 
or spleen which were stained with crystal vio- 
let(7). Lesions of a comparable character but 
less in degree were seen in the rats who devel- 
oped proteinuria after injection of adjuvants 
alone, or adjuvants plus liver. Most of the 
control rats treated with adjuvants alone, or 
adjuvants plus liver, that had not developed 
proteinuria, also had histological changes of 


similar character, but lesser in severity, in 
their kidneys. 

Discussion. While it has been noted that 
repeated intraperitoneal injection of Freund’s 
adjuvants alone in large doses did produce a 
mild nephrotic disease in 3 of 10 rats, and 
even though it has been shown that smaller 
amounts of adjuvants resulted frequently in 
slight histological alterations of the glomeru- 
lar structure even when no proteinuria was 
noted, we have shown that addition of rat 
kidney supernate enhances this effect mark- 
edly. The observation that rat liver super- 
nate did this in a milder form only 3 out of 
21 times, while muscle and lung suspensions 
remained without effect, and the fact that the 
amounts of kidney proteins injected in 2-week 
intervals were furthermore impressively small 
(2-2.5 mg), supports the interpretation that 
an iso- and autosensitization mechanism is at 
play. In view of the fact that 5 of 7 rats 
treated with adjuvants and the supernate of 
25% kidney suspension developed the ne- 


664 


phrotic syndrome makes it unlikely that the 
failure of liver, lung and muscle to produce 
the same effect was due to lower concentration 
of tissue proteins in these suspensions. Fur- 
ther immunological studies to evaluate this 
view are in progress. 

Summary. 1) A severe nephrotic syndrome 
was noted in 20 rats given Freund’s adjuvants 
and a supernate of rat kidney suspension by 
intraperitoneal injection. When kidney tissue 
was replaced by liver, only 3 of 21 animals de- 
veloped a much milder renal disease. Lung 
or muscle suspensions failed to induce protein- 
uria in 10 rats. 2) In large doses (0.5 ml) 
Freund’s adjuvants alone produced a mild ne- 
phrotic disease in 3 of 10 rats. Even though 
the smaller amounts of the adjuvants usually 
used (0.25 ml) never produced proteinuria, 
slight histological alterations of the glomerular 
structure were frequently noted. 3) In con- 
tradistinction to other tissue suspensions addi- 
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tion of rat kidney supernate enhanced the ef- 
fect of adjuvants markedly and regularly. 4) 
The small amounts of rat kidney proteins 
used, support the interpretation that an iso- 
and autosensitization mechanism is at play. 


1. Heymann, W., Lund, H. Z., Pediatrics, 1951, 
v7, 691. 

2. Lange, K., Slobody, L., Craig, F., Ojur, G., 
Oberman, J., LoCasto, F., ibid., 1951, v8, 814. 

3. Wedgwood, R. J. P., Janeway, C. A., ibid., 1953, 
vll, 569. 

4. Mellors, R. C., Ortega, L. G., Am. J. Path, 
1956, v3, 455. 

5. Heymann, W., Nash, G., Gilkey, C., Lewis, M., 
J. Clin. Invest., 1958, v37, 808. 

6. Kersten, H., Brosene, W. G., Jr., Ablondi, F., 
Subbarow, Y., J. Lab. and Clin. Med., 1947, v32, 
1090. 

7. Lieb, E., Am. J. Clin. Path., 1947, v17, 413. 


Received February 9, 1959. P.S.E.B.M., 1959, v100. 


Precocious Sexual Development in Female Rats with Hypothalamic 


Lesions.* 
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E. M. BoGDANOVE AND H. C. ScHOoENt 
Dept. of Anatomy, Albany Medical College, Union University, Albany, N. Y. 


Appropriate hypothalamic lesions may im- 
pair selectively the secretion of several an- 
terior pituitary hormones(1,2). This strongly 
suggests that the nervous system can exert dis- 
crete stimulating, or at least permissive, in- 
fluences upon anterior lobe function. The 
converse possibility, that it may also act to 
suppress trophic hormone secretion, has been 
raised by several recent findings(3-6). This 
report, on effects of hypothalamic lesions in 
weanling male and female rats, deals further 
with this possibility. 

Methods. Holtzman rats were weaned and 
subjected to bilateral electrolytic hypothala- 
mic lesion placement at 18-19 days of age. 
Littermates of the same sex and approximate 
weight served as sham- and unoperated con- 


* Supported by grant U.S.P.HS. 
+t U.S.P.H.S. Medical Student Summer Research 
Fellow, 1957. 


trols. Each litter was kept in a small cage 


and fed Big Red dog pellets and tap water, ad | 
lib. During the first 3-4 post-operative days | 
they were also given evaporated milk. Litters | 
were sacrificed 10-15 days after surgery i.e., , 


at 28-33 days of age. Brains were fixed in | 
10% neutral formalin, trimmed to blocks of ' 
diencephalon, Tissuemat-embedded and sec- - 
tioned serially at 10 ». Every 9th and 10th; 
section was stained with thionine for lesion lo- . 
calization studies. Other tissues were fixed, , 
after rapid trimming and weighing, in Susa-- 
picric acid or Helley’s fluid. Routine 6 pu sec- : 
tions were stained with Gomori’s trichrome- - 
hematoxylin. Ovaries, sectioned serially at! 


10 p, were also trichrome-stained. Hypo-- 
physes of females were examined by means of | 
both periodic acid - Schiff reagent - hematox- 
ylin (PAS - 6 ») and aldehyde-fuchsin -. 
trichrome - hematoxylin (AF - 4 ,») stained! 


| 
| 
| 
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TABLE I. Body and Organ Weights of Immature Female Rats with Hypothalamic Lesions, 
and of Littermate Controls, 


Age (days) Group* Body wt, ¢g 
28 Cont. (2) a7 
H Les. (2) 54 
30 Cont. (8) 81 + 2.6t 
A Les. (1) 63 
OP: tS) 74 + 3.5 
tape (5) 75 + 2.3 
31-32 Cont. (5) 93 + 3.1 
0 Les. (1) 84 
ae (3) 72 
a (38) 79 + 2.7 
33 Cont. (8) 98 + 2.9 
A Les. (1) 62 
ae? (9) 73 + 2.1 


Uterus, mg Ovaries,mg Adrenals, mg 
44 22 AM 

110 14 15 

47+ 3.2 21+ 1.3 217 
29 14 11 

47+ 3.5 20 + 1.2 19 + 5.3 

135 + 29 21 1 21+ 1.0 
434+ 1.8 2141.4 18 1.1 
47 19 16 
68 19 17 

179 + 22 21 = 1.6 19 + .8 
61+ 5.0 23,52. 38 23 = 3 
40 a) 12.5 

134 + 10.7 26 + 1.8 21 + 3.0 


* Cont. = sham and/or unoperated littermates; H Les. = lesions resulting in uterine hyper- 
trophy; A Les. = lesions producing gonad atrophy; 0 Les. = lesions with no effect on gonads; 
+ Les. = lesions with slight or dubious effects. Figures in parentheses indicate No. of rats in 


group. 
+ Stand. error of mean. 

sections. Only representative samples of tes- 
tis, seminal vesicle, prostate, adrenal, uterus 
and vagina were inspected microscopically, 
since organ size was felt to be an adequate in- 
dex of functional state. Actual organ weights 
have been used since experimental rats grew 
less than sham controls and it would be mis- 
leading to express the figures on body weight 
basis. 

Results. Reproductive system. Males. 
There was no hypertrophy of testis, seminal 
vesicle or prostate gland in any of 36 male 
rats, with lesions virtually identical to those 
in the females. Since similar lesions frequently 
result in marked accessory sex gland hyper- 
trophy in adult males(7), this was somewhat 
surprising. Eleven males showed gonad 
atrophy. Their lesions destroyed most of the 
arcuate nucleus (Fig. 11). 

Females. Uterine weight (minus fluid con- 


_tent) averaged 108 + 10.4 mg for 29 females 


with lesions (including 2 with uterine, ovarian 
and adrenal atrophy and 8 without marked 
uterine hypertrophy). Uterine weight aver- 
aged 50.5 + 2.7 mg for 23 littermate controls. 
Since controls exhibited some uterine and 
ovarian growth between 28 and 33 days of age, 
the data have been grouped by age as well as 
by uterine weight in the Table. 

All enlarged uteri had proliferative endo- 
metria but showed no signs of progestational 
activity. Vaginal smears could not be fol- 


lowed because in many cases the closing mem- 
branes were still intact at sacrifice, although 
they could then be ruptured with very slight 
perineal pressure. Some vaginas were studied 
microscopically. A few showed marked corni- 
fication (Fig. 2), in contrast to controls (Fig. 
1). Full vaginal cornication was found in 
rats with 4-5 fold enlargement of the uterus. 
Rats with less (3-fold) uterine enlargement 
exhibited only vaginal mucification and/or 
slight cornification. 


Control ovaries weighed between 16.8 and 
26.8 mg and were devoid of large follicles 
(Fig. 3). Ovaries of rats with uterine hyper- 
trophy weighed between 11.5 and 33.7 mg. 
Those which weighed less than controls con- 
tained only one (Fig. 4) or a few (Fig. 5) 
enlarged follicles, which appeared to have 
developed at the expense of the rest of the 
gland. Ovaries of 7 rats (uterine weights 
94.2 to 186.3 mg) weighed 28.7 + 1.3 mg 
and contained corpora lutea (Fig. 6). These 
corpora lutea appeared to be new and, in a 
given ovary, all of the same age. Some of 
them were quite small, and none were over 
800 » in diameter. In several, trapped ova 
(Fig. 7), or cysts suggesting degenerated en- 
trapped ova, were seen. Similar structures, 
called corpora lutea atretica (CLA), have been 
found in immature rats treated with large 
doses of luteinizing preparations(8). 

Male hypophyses were not examined micro- 


FIG. 1. Vagina of 31-day-old control with 23 mg 


ovary amd 44 mg uterus. X 152. 

FIG. 2. Vagina of 32-day-old lesion-bearing rat 
with 18 mg ovary and 207 mg uterus. X 152. 

FIG. 3. Control ovary, wt 21.5 mg, no large fol- 
licles. Uterine wt 44 mg. X 18. 

FIG. 4. Experimental ovary with one large fol- 
licle. Ovarian wt 17 mg. Uterine wt 107 mg. X18. 

FIG. 5. Experimental ovary with several large 
follicles. Ovarian wt 19 mg. Uterine wt 214 mg. 
x 18. 

FIG. 6. Experimental ovary with several corpora 
lutea. Ovarian wt 34 mg. Uterine wt 128 mg. X18. 

FIG. 7. Ovum entrapped in luteinized follicle. 
x 1385. 


scopically. Those of female controls were not 
rich in PAS-positive gonadotrophs. Lesions 
definitely did not increase size, number or 
staining intensity of these cells and may even 
have decreased them in some cases. Never- 
theless, some gonadotrophs were distinguish- 
able in every gland. No differences in AF 
staining B-cells were seen. Acidophiles were 
sparse in some experimental glands, but this 
could not be correlated with uterine size. 

The only adrenal effect noted in either sex 
was atrophy. It was not seen frequently. 

Lesion localization. Because of the soft- 
ness of skulls of 18-19-day-old rats, there 
was considerable variation in stereotaxic le- 
sion placement. (Figs. 8-10, 12). Lesions 
which produced CLA resembled either that 
shown in Fig. 9 (and 12a) or the one depicted 
in Fig. 10 (and 12b). Such lesions apparently 
damaged the arcuate nuclei only partially, 
sparing portions. The 2 females and 11 males 
with gonad atrophy had lesions which dam- 
aged the arcuate nuclei more than those shown 
in Figs. 9 and 10. 


HYPOTHALAMIC SEXUAL PRECOCITY 


It is clear that uterine enlargement and for- 
mation of CLA were brought about by lesions 
which did not involve the anterior hypothala- 
mus (Fig. 9). On the other hand, uterine 
enlargement (without ovarian luteinization) 
also resulted from strictly anterior hypothala- 
mic lesions (Fig. 8). 

Discussion. Two varieties of precocious 
sexual development were found in our female 
rats. Strictly anterior hypothalamic lesions 
(Fig. 12a) resulted in premature follicular 
growth and uterine hypertrophy. Rats with 
more caudal lesions, which destroyed part of 
the arcuate nucleus but left an adjacent por- 
tion intact (Fig. 12b), also exhibited uterine 
hypertrophy but their ovaries contained cor- 
pora lutea. The 2 types of gonadal hyper- 
trophy were distinguishable only on the bases 
of ovarian structure and lesion location. 

In the first (follicular) variety, some LH 
must have been secreted for estrogen secretion 
to occur(9). However, such a low level of LH 
secretion might well have been present in the 
controls. In any event, the effect seems to 
reflect mainly increased FSH secretion. 


FIG. 8. Coronal sections through hypothalamus 
of rat with an anterior lesion. Ovarian wt 19 mg, 
follicular growth but no luteinization. Uterine wt 


129 mg. A. Section just behind optic chiasm. 
B. Section at level of median eminence. For sym- 
bols, see legend to Fig. 11. X 20. 

FIG. 9. Coronal section of lesion which spared 
anterior hypothalamus but involved arcuate nuclei. 
Ovary weighed 33 mg and contained several cor- 
pora lutea. Uterus weighed 127 mg. Sections A 
and B through levels comparable to Fig. 8, A and 
By >< 20) 

FIG. 10. Sections through lesion damaging both | 
anterior hypothalamus and arcuate nucleus region. 
Ovary, shown in Fig. 6, weighed 34 mg. Uterine wt 
128 mg. A. Section through anterior part of le- 
sion. B, Section through areuate nucleus region. 
Note intact areuate nucleus on one side (arrow). 
x 20. 
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FIG. 11. Scheme of rat hypothalamus. Upper left: 
sagittal section through third ventricle (stippled), 
with nuclei and fiber tracts lateral to midline super- 
imposed by projection. A, B and C: transverse see- 
tions at levels indicated by arrows below sagittal 
section. Symbols: ON, OX, OT—optie nerve, chi- 
asm, and tract. Nuclei: SX—suprachiasmatic, SO 
supraoptic, Aec. SO—accessory supraoptic, PV— 
paraventricular, DM—dorsomedian, VM—ventro- 
median, and Are.—areuate, respectively. F-X—for- 
nix; M-Th and H-P—mammilothalamic and habe- 
nulopeduneular tracts; AX and PX—anterior and 
posterior commissures. 


The second (luteal) variety of precocious 
ovarian function was characterized by small 
corpora lutea. Although this suggests that 
LH was the chief excitor of gonadal activity, 
FSH must also have been secreted for follicu- 
lar growth to have occurred at all. In a nor- 
mal cycle, not much LH is secreted during the 
follicular growth phase. It is possible that if 
both FSH and LH are secreted simultane- 
ously, luteinization may transpire before FSH 
has had time to produce optimal follicular 
growth. In any event, both FSH and LH se- 
cretion appear to have been increased, perhaps 
equally or perhaps with LH predominating. 
More detailed analysis of these findings must 


IZA 
FIG. 12. A. Lesion (solid black, superimposed on Fig. 11) of the type shown in Fig. 8, did not 
result in ovarian luteinization. B. Lesions (solid black, or solid black plus stippling, superim- 


posed on Fig. 11) of the type depicted in Fig. 9, did result in ovarian luteinization. 


await further knowledge of the secretion and 
effects of gonadotrophins in rats of this age. 


Can either or both of these findings properly 
be termed “precocious puberty”? The fact 
that most experimental females exhibited 
signs of estrogen secretion at time of sacrifice 
strongly suggests that they were not undergo- 
ing normal sexual cycles. These rats were 
killed (to avoid spontaneous estrus in the con- 
trols) before any vaginal smear study of cy- 
cles would have been possible. Before ap- 
plying the term “puberty” to the findings, it 
seems desirable to follow such rats closely for 
a longer time to see if a) premature sexual de- 
velopment is maintained, b) premature, but 
otherwise normal, sexual cycles are present 
and c) precocious reproduction is possible. 


Whether the heightened gonadotrophin se- 
cretion consisted only of increased hormone 
release or also of augmented elaboration and 
storage, has not been answered satisfactorily 
by this experiment. Although pituitary struc- 
ture suggested that gonadotrophin stores were 
decreased slightly in experimental rats, this 
question must await application of appropri- 
ate bioassay methods. 

There are two possible explanations for the 
increased hypothalamic-pituitary activity 
found. Either the lesions destroyed suppres- 
sor mechanisms or they activated stimulating 
ones. Both explanations may be invoked in 
interpreting the varied results of this study. 
The postulate(3-6) that there is an FSH in- 
hibiting system in the anterior hypothalamus 
would not be in disaccord with the present 
findings of increased FSH secretion after an- 
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terior lesions, if it be assumed (not unreason- 
ably) that some LH is normally secreted by 
rats of this age. Whether there may also be 
an anterior hypothalamic LH suppressor 
mechanism is less certain (see below). No 
conclusive evidence for such an assumption 
evolved from our study. 

The heightened LH (and FSH?) secretion 
in rats with incomplete arcuate nucleus lesions 
might, of course, indicate an LH suppressing 
system in, or acting on, this part of the me- 
dian eminence. However, it seems at least 
equally likely that some residual neurones 
within a hyperemic zone at the periphery of 
these lesions may have been stimulated. In 
this and other(1,10,11) studies, a greater de- 
gree of destruction of the arcuate nucleus 
region almost invariably resulted in marked 
gonad atrophy. 

If neurons in the arcuate nucleus region 
normally stimulate both FSH and LH secre- 
tion, the possibilities that their functions 
might be increased either by removing sup- 
pressor mechanisms or by irritating these cells 
directly (as by including them in an inflam- 
matory zone) must both be considered. Re- 
moval of a specific suppressor might be ex- 
pected to bring about a selective secretory in- 
crease, whereas irritation would probably have 
less discrete effects. The follicular type of 
precocious sexual development may well have 
been the result of disrupting a specific FSH 
suppressor system. Correct interpretation of 
the luteal type must await further study. 

Detailed review of what is known about 
hypothalamic gonadotrophin-regulating mech- 
anisms is beyond the scope of this paper, but 
it may be valuable to summarize here a few 
important points: a) Fairly complete destruc- 
tion of the arcuate nucleus region, regardless 
of other hypothalamic damage, leads to gonad 
atrophy(1,10,11). Anterior hypothalamic le- 
sions b) produce precocious sexual develop- 
ment, c) may produce prostate and seminal 
vesicle hypertrophy(7) and d) in females, 
block the effects of estrogen on gonadotrophin 
secretion(5, also Bogdanove and Crabill— 
unpublished). e) Smaller, more lateral an- 
terior lesions produce constant estrus and ap- 
parent impairment of LH secretion(9) which 
may be relieved by progesterone administra- 


HypoTHALAMIC SEXUAL PRECOCITY 


tion(12). f) Ovarian autografts in the an- | 
terior hypothalamus decrease uterine size(6). — 
Points b, d and f suggest an FSH inhibitory — 
mechanism, point c, an LH inhibitor. Point e 
suggests that another anterior mechanism, lo- 
cated close to the preceding, is essential for | 
the LH discharge which precipitates ovula- 
tion. Interpretation of the effects of proges- 
terone in rats with constant estrus is obscure. 
Because of point a, it seems necessary to sup- 
pose that the gonadotrophin suppressing and | 
LH triggering mechanisms act via the stimu-_ 
lating systems in the arcuate nucleus region, 
and not directly on the adenohypophysis. 


It is hard to explain why virtually identical 
lesions produced such dramatic effects in im- 
mature females, but had no effect in immature 
males. Perhaps there was, in both sexes, a 
very slight increase of gonadotrophin release, 
adequate to stimulate the ovary but insuffi- 
cient to affect the testis. On the other hand, 
the hypothalamic-pituitary gonadotrophin 
system may be more mature in females of this 
age than in males. 


Summary. Two types of precocious sexual 
development were found in female rats with 
hypothalamic lesions. Anterior lesions were 
followed by precocious ovarian follicular 
growth with uterine and vaginal manifesta- 
tions of estrogen secretion. Lesions damaging 
part of the arcuate nucleus had not only these 
sequelae, but also ovarian luteinization. These 
results are interpreted to mean that anterior 
lesions increased FSH release, whereas arcu- 
ate nucleus lesions increased both FSH and 
LH release. Together with results of other | 
studies, they suggest that anterior lesions may 
damage an FSH inhibitory mechanism. The 
results of arcuate nucleus lesions do not neces- | 
sarily imply that an LH inhibitory mechanism 
was destroyed, however. The possibility that: 
such lesions may act by irritating a gonado- - 
trophin stimulating mechanism is discussed. . 


Our thanks are due to Drs. J. M. Wolfe and W. O. 
Nelson for examining and commenting upon the? 
ovaries, and to Mrs. W. S. Senning for technical as-- 
sistance. 
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JoHN M. JoHnston (Introduced by H. C. Tidwell) 


Dept. of Biochemistry, University of Texas, Southwestern Medical School, Dallas 


It has been recently reported from this lab- 
oratory(1) that segments of the hamster in- 
testine are capable of absorbing fatty acids 
from the mucosal side of an im vitro prepara- 
tion. The fatty acids appeared in the serosal 
solution predominantly in the form of esteri- 
fied fatty acids. The serosal esterified fatty 
acids were 90% or more as triglyceride.t_ Dur- 
ing the investigation, it was recognized that 
sacs, prepared from the same animal, exhib- 
ited a variation in absorptive activity depend- 
ing upon the portion of the small intestine em- 
ployed. Location of fat absorption in the 
small intestine of different species has been 
reported in a number of investigations as re- 
viewed by Turner(2). These investigations 
were primarily concerned with determination 
of the fat content of sections of intestine fol- 
lowing ingestion of triglycerides. Because of 
the lipolysis which occurs in the intestine, it is 
difficult to interpret these results with regard 
to absorption of the specific products of the 
hydrolysis of ingested triglycerides. In an 
attempt to determine whether fatty acids, as 
the sole lipid placed on the mucosal side, are 
absorbed and transported to a greater degree 
in certain areas of the isolated small intestine, 
the present investigation was undertaken. 

Materials and methods. A solution of C**- 
palmitic acid-albumin complex containing 200 


*The author gratefully acknowledges technical 
assistance of Joanne Keeling. 

+ This work was supported by 
Williams-Waterman Fund. 

¢ Unpublished observations, J. M. Johnston. 
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mg % glucose was prepared as previously de- 
scribed(1). Small everted sacs were made 
from successive segments of the hamster in- 
testine from upper jejunum to iliocecal junc- 
tion according to a modified procedure(1) of 
Wilson and Wiseman(3). The sacs were filled 
with approximately 0.5 ml of bicarbonate buf- 
fer, pH 7.4, containing 200 mg % glucose. In- 
testinal segments were incubated for 21% hours 
at 37°C in 4 ml of the fatty acid-albumin com- 
plex in an atmosphere of 95% Oz and 5% 
CO,. Aliquots of the serosal and mucosal 
solutions as well as from the homogenized in- 
testinal wall were plated for counting(1). The 
lipids were fractionated into free and ester- 
ified fatty acids according to the procedure of 
Borgstrom (4). 

Results. The results from successive seg- 
ments of intestine from upper jejunum (sac 
1) to iliocecal junction (sac 5) are given in 
Table I. Averages of similar segments of 3 
animals are shown as the total activity recov- 
ered from mucosal and serosal solutions and 
intestinal wall. Although there was variation 
in ability to absorb fatty acid from animal to 
animal, each of the individual experiments ex- 
hibited decreasing serosal and intestinal wall 
activities in the lower portions of the small 
intestine. The lowered activity was confirmed 
by similar decrease in fatty acid uptake from 
the mucosal solution. ‘The combined lipids 
from the mucosal solutions and intestinal walls 
of similar sacs were fractionated into glycer- 
ides and fatty acids. The corresponding sero- 
sal solutions from sacs 1 and 2 in the 3 experi- 
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TABLE L. Total Activity and Distribution of Activity between BPA* and PRA* Recovered 
from Mucosal and Serosal Solutions and Intestinal Wall of Successive Intestinal Bace from 
Upper Jejunum (Sae 1) to Hiocecal Junction (Sac 5) following Incubation with C%-Palmitie 


Acid: Albumin Complex (70,500 epm) on the Mucosal Side, 
ee 


—Mueosal solutiont-\  -——Tntestinal wall——,  -———-——Berosal solution —_ 
% aetivity % netivity Wi activity 
Sae Total in otal in Total i mil 
No.t activity HRA* FRA* — aetivity HMA RRA activity HWA FRA recovered : 
Sae 1 51,080 18 8 10,597 738 27 4,051 90 10 AT 
2 56,798 16 Sd 10,680 Sd 16 1,570 04 i AO : 
3 58,718 23 78 9,267 Kis 17 8H 61 ‘ 
4 61,908 6 A 6,896 KO 20 HO08 56 
5 65,500 2 98 3,492 74 26 276 51 


t Mucosal volume 4 ml, 


> EFA and REA donote esterified fatty acids and free fatty acids, respectively, 


¢ Saes were approximately same length and weight, 


ments were separated (Table I). Activity per 
unit volume of the serosal solution from the 
first sac was approximately 50% of that found 
in the mucosal solution. Progressively down 
the intestine, the percentage decreased to a 
value of 3% in sac 5. Ratios of resulting ser- 
osal to mucosal glycerides in sacs 1 and 2 
were 2.6 and 1.5, respectively. 

Discussion. Employing an in vitro pro- 
cedure for study of fatty acid absorption, it 
has been demonstrated that absorption and 
transformation of fatty acids takes place pri- 
marily in the upper portion of the hamster 
intestine. The upper segments demonstrate 
approximately 12 times the ability of the lower 
segments to carry out absorption and conver- 
sion into esterified fatty acids. This finding 
must be taken into consideration when making 
comparisons of absorptive rates of different 
test materials. The results indicate a greater 
penetration of fatty acids in the upper por- 
tion of the intestine and suggest an existing 
mechanism other than that of simple diffusion 


for the passage of fatty acids into the mu- 
cosal cell, 
If the resulting mucosal glycerides are com- 


pared with the serosal glycerides on the basis” 


of glyceride activity per unit volume, there is 
approximately a 2-fold concentration gradient 
across the intestinal wall in favor of the sero- 
sal glycerides. 
Summary. 


In an in vitro sac preparation — 


from the hamster intestine, fatty acid absorp-_ 


tion, resulting in serosal triglyceride, takes 


place predominantly in the upper jejunum of — 


the small intestine. A concentration gradient 
between the resulting glycerides of the mu- 
cosal and serosal solutions has been demon- 
strated. 
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Evidence For Direct Utilization of Fructose in Working Muscle in Man.* 
(24739) 


Cart M. PEARSON AND Davin G. Rimer (Introduced by Samuel H. Bassett) 
Dept. of Medicine, University of California School of Medicine, Los Angeles 


There is uncertainty in the literature about 
ability of striated muscle to utilize fructose. 
Peters(1) doubts whether it is metabolized at 
all, while other studies(2,3,4) suggest slow up- 
take and perhaps utilization of this carbohy- 
drate. Van Itallie and coworkers(5) found an 
appreciable A-V difference in the forearm fol- 
lowing constant intravenous infusion of fruc- 
tose in 10 normal human subjects, but no 
proof could be obtained for direct utilization 
of this hexose by the muscle cell. Several in- 
vestigators(2,4,6) observed a rise in serum 
lactic and pyruvic acid following fructose in- 
fusion. We have had the opportunity to 
study the problem on a young man with a 
rare disorder of muscle. The subject was un- 
able to continue moderate work for more than 
4 minutes, after which rapid fatigue and tran- 
sient paralysis developed. Ischemically exer- 
cised forearm muscles rapidly fatigued and 
there was no measurable increase in lactic or 
pyruvic acid levels in venous blood from the 
exercised arm in comparison to a 4-fold rise 
in these constituents in normal subjects under 
the same experimental conditions. McArdle 
(7) described the only recorded instance of 
this disease entity as ‘“a myopathy due to de- 
fect in muscle glycogen breakdown.” 

Methods. The subject, a 19-year-old male, 
was exercised in the fasting state on a tread- 
mill (10% incline) at 4 mph. Intravenous 
infusions of normal saline, sodium bicar- 
bonate, 10% glucose or 10% fructose were 
given. Either sugar was infused at a rate of 
0.73 g/kg/hr, for 30 minutes prior to as well 
as throughout exercise. Edrophonium chlor- 
ide (Tensilon) was given intravenously in a 
dose of 10 mg. 

Results. In 20 control attempts the sub- 
ject was unable to walk for more than 4 min 

* Supported in part by grant from Muscular Dys- 
trophy Assn. The authors express their appreciation 
for partial financial assistance from George Meyers’ 
Estate, Division of Neurology, and to Dr. Augustus 
S. Rose for his suggestions. 


20 sec (average 3’ 20’). There was no im- 
provement after saline, sodium bicarbonate or 
edrophonium chloride. Glucose infusion in- 
creased duration of exercise tolerance more 
than 20-fold (limit of trial) when plasma glu- 
cose levels were elevated above 160 mg %. 
Fructose infusion similarly improved work 
performance (Fig. 1) so that exercise was 
continued with ease for 60 min, except for a 
transient episode of weakness at 14 min. 
There was no significant change in: plasma 
glucose levels but fructose levels rose to a 
maximum of 35 mg %. Following discontin- 
uance of infusion continued exercise was pos- 
sible for another 23 min after which rapid fa- 
tigue and paralysis of the leg muscles devel- 
oped. Plasma fructose level was then 8 mg %. 


Discussion. The uptake and utilization of 
fructose by liver has been demonstrated (8,9, 
10) but only inferential evidence has been ob- 
tained for striated muscle(2,11). From the 
clearcut improvement in work capacity ob- 
tained in this study it appears that fructose 
can serve as a direct source of energy for work- 
ing muscle. It is unlikely that the improve- 
ment was mediated by hepatic conversion of 
fructose to glucose since there was no signifi- 
cant change in plasma glucose levels during 
the experiment. Furthermore it was shown 
that for glucose alone to be effective, its plas- 
ma concentration must exceed 160 mg %. 
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The possibility that improved muscular func- 
tion was due to the additive effect of cellular 
entry of plasma glucose plus fructose cannot 
be ruled out. 

The results suggest that: a) Fructose is re- 
moved from plasma at a rapid rate since the 
levels remained constant during exercise and 
the removal equalled the input rate of 0.90 g/ 
min. b) Threshold level of the sarcolemmal 
membrane for entry of fructose is much lower 
than that for glucose since at an extracellular 
fluid level of fructose near 10 mg % muscular 
work could be performed. Plasma glucose 
had to be increased to nearly twice the fasting 
level in order to similarly enhance work. c) 
Fructose traverses the muscle cell membrane 
at a sufficiently rapid rate to contribute to 
muscular work. d) Fructose can be effectively 
utilized by skeletal muscle as a major source 
of energy under some circumstances. 

Summary. 1. Observations were made 
upon the effect of infused fructose on work 
capacity of a young male subject with an un- 
usual metabolic deficiency of striated muscle 
in which there was a failure to form lactic acid 
under anaerobic conditions. The defect was 
tentatively ascribed to inability to utilize gly- 
cogen and was manifested clinically by limited 
exercise tolerance. 2. Duration of work was 
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greatly improved by infusion of glucose or 
fructose. Fructose was effective at much 
lower plasma concentration than glucose. 
Therefore, fructose can traverse the muscle 
cell membrane and contribute significantly 
toward the fuel for muscular work in this pa- 
tient. 


AppENDUM: The defect in this case has recently 


been demonstrated to be an absence of phosphorylase | 


a and b in muscle. 
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Occurrence of an antigenic variant of in- 
fluenza A in Southeast Asia which rapidly 
spread producing pandemic influenza through- 
out the world in 1957 has been described(1). 
Detailed studies in many laboratories have 
shown that closely related strains of Asian 
type have replaced previously prevalent A 
prime or FM1 type influenza A(1-3). Clini- 


* Supported by grant-in-aid, from Inst. of Allergy 
and Infect. Dis.. NIH; USPHS. 

+ We wish to thank Miss Lorraine Char for isolat- 
ing and determining serotypes of Asian strains of 
influenza and Dr. M. Sellers for helpful suggestions. 


cally, infection with Asian strains has been 
relatively mild(1,3) although extremely high 
incidence of influenza at the peak of the pan- 
demic did result in significant increase in in- 
fluenza and pneumonia mortality. Availa- 
bility of Asian strain isolates provided an op- 
portunity to study biological properties previ- 
ously employed in characterizing other influ- 


enza viruses and to compare these character- — 
istics (1) with earlier A strains and (2) Asian © 
strains recovered from mild and fatal cases of | 


human infection. 


Asian strains were com- — 


pared to PR8 and FM1 strains in relation to | 


qe" ae 


CHARACTERISTICS OF ASIAN INFLUENZA VIRUSES 


- greater or less cytotoxicity(4), neurotoxicity 


_ (5), capacity to induce xanthine oxidase ac- 


tivity in infected mouse lung(6), and neura- 
minidase activity(7). As reported previously 
(1), hemagglutination titers (HA) of allan- 


 toic fluids from eggs infected with Asian strain 


viruses were consistently lower than titers of 
PR8 and FM1 strains. Certain of the early 
Asian isolates appeared to have a greater tox- 
icity for embryonated eggs than did most A 
strains. This report presents evidence indicat- 
ing that relationships between infectivity and 
hemagglutinin activity and cytotoxicity, neu- 
rotoxicity, and capacity to induce xanthine 
oxidase activity were not significantly differ- 
ent among Asian and other strains of influenza 
A tested. However, Asian strains did show a 
significantly greater neuraminidase activity to 
urine mucoprotein than PR8 and FM1. 
Materials and methods. Viruses. Asian 
strain influenza isolates, designated as Q25, 
Q734, and Q548, were obtained from Dr. J. J. 
Quilligan, Jr., College of Medical Evangel- 
ists, and strain Grawley isolated in this lab- 
oratory. These strains were passed in eggs 
about 3 to 10 times. Prototype strain, Japan 
305/57, was obtained from Dr. K. Jensen, 
Communicable Disease Center, Montgomery, 
Ala. Prototype strain FM1 was obtained from 
Amer. Type Culture Collection and strain 
PR8 was originally obtained from Lederle 
Laboratories by Dr. Carl De Boer. Virus 
preparations. Allantoic fluids from about 100 
eleven-day-old_ chick embryos, inoculated 
with 10% or 10+ dilutions of egg adapted 
viruses, were harvested, pooled, and concen- 
trated. The pools were centrifuged in a 21 
rotor in ultracentrifuge (Spinco model L) at 
20,000 rpm for 60 minutes. The pellets were 
resuspended in about one ml of supernate/ 
tube, then suspensions were ground in glass 
tissue grinder. This was followed by a short 
cycle of low speed centrifugation (Interna- 
tional model V) to remove most of the tissue 
debris. Virus concentrates were stored in 2 
ml vials in a —40°C deep freeze chest. The 
concentrates withstood about 2 months’ stor- 
age without significant loss in activity. He- 
magglutination titrations. Serial 2-fold dilu- 
tions of infected allantoic fluids were diluted 
in phosphate buffered saline beginning with 
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1:10 dilution. One-fourth ml of 1% suspen- 
sion of washed human O cells in phosphate 
buffered saline was added to 0.5 ml of allan- 
toic fluid dilutions. The tubes remained at 
room temperature for about 2 hours and the 
highest dilution showing complete or almost 
complete agglutination pattern was considered 
as end point. Infectivity in eggs. Ten-fold 
dilutions of infected fluids were inoculated 
into 4 to 6 eggs/dilution. Eggs were incubated 
for 48 hours, 37°C, chilled, and 0.5 ml of 
0.5% human O cells suspension was added to 
0.1 ml of test material. The tubes remained 
for 2 hours in cold room, 0-5°C, and observed 
for agglutination. Infectivity, EID;o, was 
calculated by the method of Reed and Muench 
(8). Toxicity of virus preparations to HeLa 
cells, obtained from Dr. J. T. Syverton, and 
to amnion cells (FL), obtained from Dr. J. 
Fogh, were carried out as described by Henle 
et al.(4). Toxicity of virus preparations to 
Swiss albino mice, strain Webster, males, 4 
to 6 weeks old, were carried out as described 
by Henle and Henle(5). Xanthine oxidase 
activity of mouse lung homogenate was deter- 
mined by the method of Sellers and Jann(6). 
Neuraminidase activity of infected allantoic 
fluid was measured as follows: One ml of vari- 
ous dilutions of infected allantoic fluids, di- 
luted in pH 6.8, 0.025M phosphate buffer, 
was added to 4 ml of mg/ml phosphate buffer 
solution of urine mucoprotein prepared by 
method of Tamm and Horsfall(9). Enzyme 
reactions were carried out in airtight 50 ml 
Erlenmeyer flasks in a 37°C incubator and on 
a Kahn shaker for 18-24 hours. Reaction 
flasks were heated in a 56°C water bath for 
30 minutes; the reaction mixtures were trans- 
ferred to dialysis tubing and dialyzed against 
distilled water in cold, 0-5°C, overnight. En- 
zyme activity was determined by measuring 
the resorcinol reacting substrate(10) which 
was not dialyzable. 

Results. HA titers of allantoic fluids of 
PR8 and FM1 were both 1:640 as compared 
to titers of 1:80, 1:160, and 1:320 for Asian 
strains (Table I, Fig. 1). 

Attempts were made without success to 
prepare higher titers of the Asian strains in 
eggs by repeated passages and by inoculating 
various dilutions of the infected fluids. 
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TABLE I. Source, Serotype, Hemagglutination Titer, Infectivity, Cytotoxicity, N eurotoxicity, and Xan- 
thine Oxidase Activity of Homogenates of 7 Influenza Strains. ; 


HA titer”  ID,,of Cytotoxicity 
Sero- Conecen- concen- Neuro- Xanthine 
Strain Souree type Pool trate tratest HeLa FL toxicity oxidaset | 
< 1000 
PR 8 Laboratory strain A 640 40 7.8 38+ 4+. + 2.2 
FM 1 Idem ING £3 40 6.6 44 + + 2.5 
Japan 305/57 Egg line Asian 160 10 7.8 aE 2+ ae 3.2 
Grawley Throat washing, LY 6) AY) 2+ +- + 2.5 
mild ease 
Q 25 Idem 4 80 5 6.8 2+ § _ 1.9 
734 Lung, fatal case fe 160 5 7.0 4+ 4+ a aly 
548 Idem ae 80 0 5.6 4+ 44 + 2.5 


* HA titers reciprocal of dilution, 
enate to control. § Q 25 not tested with FL. 


+, positive response. 


Several additional Asian strains isolated in 
this laboratory were initially tested. Allantoic 
fluid preparations of strains designated as 
Ri, R22, R374 and’ R5- had-HA titersot 
1:40, 1:80, 1:40, 1:20, and 1:40 respectively. 
HA titers of 3 additional strains obtained : 
from Dr. Quilligan were all 1:20. The strains 
collected included strains from fatal and from 
mild cases. Because allantoic fluid prepara- 
tions of the 12 Asian strains recovered in the 
Los Angeles area were neither neurotoxic nor 
cytotoxic, 4 strains listed in Table I were 
selected for concentration and more detailed 


t Log/ml. 


t Ratio of yl O, uptake of infected lung homog- 


Japan 305/57 were included in final study. 
Large pools of about 900 ml of infected allan- 
toic fluid/strain were centrifuged to concen- 
trate the virus particles. 

In general, fluids with higher initial HA 
titers resulted in higher HA titer virus con- 
centrates. However, the relatively low infec- 
tivity, EID;o, of virus concentrates of FM1 
and Q548, log 6.6 and log 5.6 respectively, did 
not correlate well with HA titers (Table 1), 
possibly because of aggregation of particles 
and loss in infectivity during concentration. 
Crude growth curves did not reveal pro- 


studies. In addition, strains PR8, FM1, and nounced difference among strains as deter- 
hes aatre Aare mined by EID; and HA titers of the infected 
GO}- © MrAN sosve7. 1320) allantoic fluids. The EID5 9 of infected allan- 
PRE (640) ° . . : . 
A FMI (320) toic fluids of strains tested were fairly uni- 
& wanes pe ; form, ranging from log 7.3 to log 8.0. HA ti- 
9 cs age oo SF, ters of those strains were similar to titers given 
fe) . 
5 in Table I. 
a Four biological characteristics, cytotoxicit 
g » CY 
5 to cell cultures, neurotoxicity to mice, ca- 
S pacity to increase xanthine oxidase activity of 
5 infected mouse lung and neuraminidase activ- 
rs) ity of selected strains were determined, (Table 
oO y ) 
ts I, Fig. 1). Only virus preparations contain- 
ing a relatively large number of particles were 
fo) fo) p 
cytotoxic to HeLa and FL cell cultures. Cy- 
totoxic effects were more pronounced in 


AMOUNT VIRUS 


HeLa cell than in FL cell cultures and it was 
also observed that it was necessary to have 
virus preparations with HA titers of at least 


FIG, 1, Enzyme activity of 7 strains of influenza ; , aes 

A viruses expressed as % resorcinol reacting eom- 1:1000 to 1:2000 to demonstrate cytotoxicity. 
pound split from urine mucoprotein. Each reaction The cellular changes observed in cell cultures 
flask contained the indicated volume in ml of in- imi] 

ee ; were similar to those reported by Henle e¢ al. 
feeted allantoic fluids. The original HA titer of , by Henle : 


each fluid is listed. 


(4). Various degrees of cellular destruction | 
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and granulation were noted and scored accord- 
ing to the system described by the Henle et al., 
(4). 

Neurotoxicity to mice was demonstrated by 
inducing convulsions in mice by the twirling 
test(5). The lower limits in terms of HA 
units of virus preparations necessary to dem- 
onstrate toxicity were approximately 1:5000, 
which is in general agreement with that re- 
ported by Henle and Henle(5). Moreover, 
it was easier to induce convulsions with 4- 
week-old mice than with 6-week mice. Mice 
usually survived if convulsions failed to occur 
within 72 hours after intracerebral inocula- 
tion. 


Sellers and Jann(6) reported that xanthine 
oxidase activities of infected mouse lung ho- 
mogenates were approximately 2 times greater 
than normal lung homogenates. Enzyme ac- 
tivity was expressed as »l oxygen uptake. In 
this study enzyme activities of the 7 strains 
listed in Table I ranged from 1.7 to 3.2 times 
greater than normal homogenates. Endoge- 
nous activity has been accounted for in final 
calculations. The same amount of each virus 
concentrate was used to infect mice, without 
regard to HA titer of virus preparations and 
this did not seem to influence the extent of en- 
zyme activity of the homogenates. Homoge- 
nates of lungs were prepared from mice inocu- 
lated intranasally 48 hours previously. 


Neuraminidase activities of the 7 strains 
(Table I) are presented in Fig. 1. Enzyme 
activities are expressed as % resorcinol react- 
ing split product, which was dialyzed against 
water, as calculated by difference, since in the 
actual analyses, the nondialyzable resorcinol 
reacting substrate was determined. On a rela- 
tively comparable HA titer basis, data pre- 
sented in Fig. 1 show that the Asian isolates 
split off from about 10-40% more split prod- 
uct than PR8 and FM1. Normal allantoic 
fluid and/or phosphate buffer were added to 
control flasks and did not show any neuramini- 
dase activity. 

Discussion. The HA titers of the allantoic 
fluids of the 5 Asian type viruses were consis- 
tently lower than titers of PR8 and FM1. In 
addition, some Asian isolates were more toxic 
to chick embryo, suggesting that this differ- 
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ence in toxicity might be associated with some 
of the above characteristics. However, the 7 
virus preparations did not show any pro- 
nounced qualitative differences in cytotoxicity, 
neurotoxicity, and xanthine oxidase activity 
on a comparable HA titer or infectivity basis. 
As shown by others(4,5), we also found that 
it was necessary to concentrate large pools of 
infected allantoic fluids to demonstrate cyto- 
toxicity and neurotoxicity. These effects are 
believed to result from initial contact be- 
tween a relatively large number of virus of 
virus particles and host cells. Moreover, ac- 
cording to Sellers(11), increased xanthine oxi- 
dase activity of infected lung is the result of a 
generalized host response. On the other hand, 
Asian influenza isolates consistently showed 
greater neuraminidase activity than PR8 and 
FM1. Whether the difference in activity is 
related to other biological or physical chemical 
properties is not known, but an increased ca- 
pacity to attack mucoprotein virus inhibitors 
may have facilitated infection and pandemic 
spread of the Asian strains. 

Summary. Asian strains of influenza A 
virus were neither more nor less toxigenic 
than PR8 and FM1 strains as determined by 
cytotoxicity, neurotoxicity and xanthine oxi- 
dase inducing activity. Asian strains did ex- 
hibit greater neuraminidase activity than PR8& 
and FM1. There were no differences in any 
of the above properties between strains from 
mild and fatal human infections. 
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Dietary Glycine and Taurine on Bile Acid Conjugation in Man.*1 
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Common bile acids occurring in human bile, 
i.e., cholic, chenodeoxycholic and deoxy- 
cholic acids, are conjugated with glycine 
and taurine(1), glycine conjugates nor- 
mally predominating. Thus, in 21 healthy 
medical students, a mean value of 3.2 was ob- 
tained for the ratio of glycine to taurine con- 
jugates,’ and no free bile acids could be 
found. Bergstrom and Gloor(2), studying 
conjugation of cholic acid in homogenates of 
human livers, found that addition of 3 moles 
of taurine/mole of cholic acid caused pro- 
nounced increase in the proportion of taurine 
conjugates formed. Glycine did not have 
such a marked effect. These findings have 
been confirmed by Ekdahl(3). In our inves- 
tigation, the im vivo effect of taurine and gly- 
cine has been studied. 

Materials and methods. Two female and 9 
male medical students were used. They were 
told to retain their ordinary diet, eat regularly, 
and to avoid excesses of alcohol intake during 
experiment. Taurine|| (Eastman, puriss.), or 
glycine (Merck, for medical use) was given 
them with their meals 3 times a day for 5 
days. Three other females with stones in 
roentgenologically normally functioning gall- 
bladder were given taurine 3 times a day for 
3 weeks. One subject (A.K.) had cancer in 
the deep bile ducts causing obstructive jaun- 


* A preliminary reort was read at meeting of Dan- 
ish Biochem. Soc., Copenhagen, June 3, 1957. 

+ This work has been supported by grants from 
Statens medicinska forskningsrad. 

t Present address: Statens Rattskemiska Labcra- 
torium, Stockholm. 

§ To be published. 

|| Taurine tablets were kindly supplied by Aktie- 
bolaget Astra, Sddertalje, Sweden. 


dice. Therefore, a T-tube had been inserted 
into the common duct so that one leg passed 
above the obstruction. After some weeks 
drainage was closed so that bile passed into 
the duodenum. The drainage had been closed ‘ 
for some weeks and the patient was at home 
with no jaundice when our experiment was 
done. Taurine was given 3 times a day for 5 
days. Before and during taurine feeding, bile 
samples were taken through the drainage, 
which was opened for about one hour at noon: 
every day. The samples were kept in refrig- 
erator and frozen and stored at —16°C as soon 
as possible. In the other subjects, duodenal 
contents were collected through a polyvinyl 
tubing(4) which was introduced through the 
nose. Samples were taken at a level of 70-80 
cm from the nose and the subjects were fast- 
ing on day of collection. Samples were im-, 
mediately frozen at -16°C. Bile acids were 
analyzed according to Sjévall(5). Glyco- 
cholic, taurocholic, glycochenodeoxycholic and 
glycodeoxycholic acids were determined sepa- 
rately, whereas taurochenodeoxycholic and 
taurodeoxycholic acids were determined to- 
gether. 


Results. Fig. 1 shows the effect of orally 
administered taurine on conjugation of bile. 
acids in the patient with a “circulating bile 
fistula.” Prior to taurine feeding, glycine 
conjugated bile acids constituted between 65 
and 75% of total bile acids. The day after 
administration of 3 g of taurine, equal 
amounts of glycine and taurine conjugates 
were found. Taurine was given 5 days and 
dose was increased by 3 g every day. On 
sixth day 96% of bile acids were taurine con- 
jugated. Traces of free bile acids were found 
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in some samples. Neither conjugated nor free 
deoxycholic acid could be found. This might 
indicate that bile acids in this patient did not 
take part to a normal extent in the entero- 
hepatic circulation, since deoxycholic acid is 
formed by bacterial action on cholic acid dur- 
ing this circulation(6-8). The ratio between 
cholic and chenodeoxycholic acids did not 
change significantly during the experimental 
period (Fig. 1). 

Because of the striking effect of taurine on 
conjugation of bile acids in the patient de- 
scribed above, the effect of giving glycine and 
taurine to healthy persons was investigated. 
Various amounts of the amino acids were 
given for 5 days and bile acids in duodenal 
contents were determined before and after 
administration. The results are shown in Fig. 
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FIG, 1. Changes in ratio between glycine and tau- 
rine conjugated bile acids (G:T) after administra- 
tion of taurine to patient A.K. who had a ‘‘circu- 
lating bile fistula.’’ Ratio of cholic to chenode- 
oxycholic acids is fairly constant (C:CD). 
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2. Twenty-one g of glycine/day did not 
change the state of conjugation of bile acids. 
In a case not illustrated in the Figure, 2 g of 
glycine were given every second hour for 3 
days, except at night when 6 g were given in 
the evening and in the morning. No change 
in ratio between glycine and taurine conju- 
gates was observed. In contrast to results ob- 
tained with glycine, 0.5 g of taurine 3 times a 
day gave a pronounced increase in the propor- 
tion of taurine conjugated bile acids. This 
proportion tended to increase further when 
larger amounts of taurine were given. Five to 
7 days after last administration of taurine, 
the proportion between glycine and taurine 
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FIG. 2. Proportions between glycine and taurine 

conjugated bile acids before and after feeding of 

yarious amounts of taurine or glycine to healthy 
subjects. 

conjugates had usually returned to starting 

value. 

To test the effect of prolonged taurine ad- 
ministration, 3 patients were given 3 g of 
taurine daily for 3 weeks. All patients had 
stones in the gallbladder. The proportion of 
taurine conjugates was increased at end of 
experimental period (Fig. 3). 

The proportions between cholic, chenode- 
oxycholic and deoxycholic acids were variable 
in different samples from the same subjects, as 
is also the case when no taurine is given. 

When labelled taurine is administered to 
rats, most of it is excreted in urine though it 
can also be found in bile conjugated with 
cholic acid(9). After intravenous injection, 
the taurine is rapidly taken up from blood by 
various organs(10). Bile acids are normally 
conjugated almost exclusively with taurine in 
the rat, and in vitro experiments have shown 
that cholic acid is preferably conjugated with 
taurine even in the presence of excess glycine 


(-——JTaurine 10g x3 daily 


and taurine (0) conjugates 
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FIG. 8. Proportions between glycine and taurine 

conjugated bile acids before and after feeding of 

3 g of taurine daily for 3 wk to patients with gall- 
stones, 
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(11). It is reasonable to assume that in our 
investigation the taurine given was partly 
used for conjugation of bile acids. 


The marked influence of taurine administra- 
tion on the ratio between glycine and taurine 
conjugated bile acids in man, might have some 
bearing on the findings of Ekdahl(12), that 
homogenates of human livers under certain 
pathological conditions conjugate cholic acid 
with taurine in a higher proportion than nor- 
mally. This is, for example, the case in hepa- 
titis where Walshe(13), among other semi- 
quantitative findings, noted increased urinary 
excretion of taurine as compared with glycine. 


Even when given in large amounts, glycine 
did not affect the ratio between glycine and 
taurine conjugated bile acids. This is in 
agreement with the im vitro findings(2,3). 
However, it appears that addition of glycine 
to a homogenate of pathological human liver, 
conjugating mainly with taurine, causes an 
increase in glycine conjugation(13). It would, 
therefore, be of interest to give glycine to pa- 
tients having mainly taurine conjugated bile 
acids. 


The results might also have some bearing 
on the finding that newborn children conju- 
gate bile acids mainly with taurine, though 
during days after birth the proportion of gly- 
cine conjugates rapidly increases.! Semi- 
quantitative measurements of urinary excre- 
tion of amino acids in newborn children(14) 
indicate a relative decrease of taurine excre- 
tion as compared with glycine during the first 
days after birth. According to Durande and 
Colombo(15), sucklings show a decreased ca- 
pacity for hippuric acid synthesis which can 
be increased by administration of glycine. 

Since taurine is formed from cysteine, it ap- 
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pears likely that the diet should influence con- 


jugation of bile acids. Datta and Harris (cited 


by Westall(16)) found an increased urinary 
excretion of taurine in cats given fish diet ex- 
clusively. 

Summary. Taurine and glycine were given 
to human subjects and the bile acids studied. 
Taurine (0.5 g x 3 daily) markedly increased 
the proportion of taurine conjugated bile 
acids, whereas glycine (7 g x 3 daily) did not 
change the bile acid pattern of the normal sub- 
ject. The findings have been discussed in re- 
lation to conjugation of bile acids under nor- 
mal and pathological conditions. 


The technical assistance of Mrs. Ann-Mari Ander- 
sson is gratefully acknowledged. 
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A number of investigations have indicated 
reserpine may alter thyroid function. It has 
been shown reserpine administration de- 
creased O. consumption in rats(1) and guinea 
pigs(2), but not in man(3). Other studies 
indicate the drug may increase(4), decrease 
(5,6) or exert no effect upon thyroidal I'*! 
uptake(3). Since results of previous investi- 
gations are somewhat contradictory it seemed 
desirable to reinvestigate the problem in rats 
employing thyroid secretion rate and thyroidal 
I’3! release rate as indices of thyroid function. 

Materials and methods. Adult female rats 
of Sprague Dawley-Rolfsmeyer strain weigh- 
ing 230-280 g were kept in a room artificially 
illuminated during daylight hours and at uni- 
form temperature of 78 + 1°F. Each rat was 
injected i.p. with 2 uc carrier-free I'**. Forty- 
eight hours were allowed for I'*! fixation by 
thyroid and excretion of excess isotope. Ex- 
ternal thyroid counts were taken at this time 
and every 48 hours thereafter by first anes- 
thetizing each animal with ether, then placing 
it on lead plate with neck resting on a scin- 
tillation probe. Care was taken in placement 
of the animal to insure the same geometrical 
relationship at each successive counting pe- 
riod. Thyroidal radioactivity was measured 
with scintillation counter, Nuclear-Chicago 
(N.C.) Model DS 5, connected to pulse height 
analyzer, N.C. Model 1810, which, in turn, 
was connected to a rate meter, N.C. Model 
1620A. Conventional corrections were made 
for background and decay of the isotope. De- 
termination of thyroid secretion rate (TSR). 
Each of 43 rats was injected subc. with .05 
wg/100 g |-thyroxine for 2 consecutive days 
beginning 4 days after I'*! injection. Thy- 
roxine dose was increased at .05 wg/100 g in- 
crements, each dose administered for 2 con- 


* Contribution from Dept. of Dairy Husbandry, 
Mo. Agr. Exp. Sta. Journal Series No. 1943. Ap- 
proved by the Director. 

. t Postdoctoral Fellow of NIH. 
ported in part by research grants from PHS. 


Investigation sup- 


secutive days, with thyroid count made on 
day of each increase. TSR was determined 
by plotting the percent previous count with 
thyroxine dose. The dose which prevented 
further thyroidal I'*1 output in each rat (95- 
100% of previous count) was estimated as its 
TSR. One day prior to start of thyroxine in- 
jections reserpine was injected subc. daily at 
doses of 5, 10 or 50 pg/100 g/day until the 
TSR was established. Statistical comparison 
of TSR of reserpine-treated rats was made 
with control values obtained concurrently with 
rats of the same strain, sex and body weight 
range(7). Determination of thyroidal I*%* 
release rate. Thyroidal I'*! release rate was 
determined in 3 groups of 5 rats each. Daily 
thyroid counts were made for 12 days com- 
mencing 48 hours after I'*! injection. Begin- 
ning 7 days after I'*' injection, animals in 
each group received 5 daily subc. injections 
of either 5, 10 or 50 wg/100 g reserpine. Thy- 
roidal I**! release curve was constructed by 
plotting the average percent dose against time 
in days. Average hourly release thyroidal 
118! (k’4) was calculated by the method of 
Brownell(8). 


Results. Average TSR of rats receiving 5 
and 10 pg/100 g reserpine was .23 yg/100 g 
and that of animals injected with 50 pg/100 
g was .135 pg/100 g |-thyroxine (Table I). 
This represented a decrease of 84-90% when 
compared with control TSR of 1.4 »g/100 g 
l-thyroxine. The difference between TSR’s 


TABLE I. Effect of Reserpine on Thyroxine Se- 
cretion Rate and Body Weight. 
Dose 
reserpine, 
uz/100 No.of TSR, wg/100g ~ % change body 
g/day rats  I-thyroxine/day  wtat 10 days 
Gontrol* 10 140 +.179t - 22+ .572 
5 10 230 +.015 + 6.38 +1.051¢ 
10 23 .230 + .011 + 64+ .429 
50 10 .135 + .019 —22.4-+ .511 
* Data from Grosvenor and Turner(7). = 
+ Mean + stand. error. 


¢ Significant at .1% level. 
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FIG. 1. Effeet of reserpine on thyroidal I’** re- 
lease. 


of the high and low reserpine groups was sig- 
nificant (P<.001). A definite break in the 
thyroidal I!" release curve was evident upon 
administration of reserpine (Fig. 1). Aver- 
age hourly release of thyroidal I?*! (k’4) dur- 
ing the experimental period was significantly 
less than during the control period at all doses 
of reserpine employed (Table Il). Body 
weight was reduced markedly in animals re- 
ceiving 50 »g/100 g reserpine, while those rats 
injected with the 2 lower doses exhibited sig- 
nificant increases (P<.001) in weight. 
Discussion. Thyroidal I'*! release rate has 
many advantages over thyroidal I'*! uptake 
as a Criterion of thyroid function as it allows 
for detection of slow changes in thyroid ac- 
tivity which may not be noted by the single 
observation usually employed in uptake 
studies. It is also less dependent upon circu- 
lating level of I'*’ or upon changes in renal 
excretion of I’*'. Furthermore, it is of suf- 
ficient duration to allow both control and ex- 
perimental periods of observation. One minor 
discrepancy is evident in determining thyroid 
activity by this method, 7.e., the reutilization 
of I’?! which is released upon degradation of 
radioactive hormone released by the thyroid. 
However, only about 11% of the radioactivity 


TABLE ITI. Effect of Reserpine on Average Hourly 
Release Thyroidal I (5 Rats in Each Group). 


Dose 
reserpine, 
pg/100 g/day 


5 00640 + .00098* 


eens Avg Wid oceaata eer 


Control period Reserpine period 


5 00311 + .00073t 
10 .00687 + .00098 00278 + .00119t 
50 00540 + .00025 =.00190 + .00057t 


‘ Avg k’4 error. 
Significant at .5% level. 
Fe "1% ” 
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lost by the thyroid in any one day is reaccu- 


mulated as I31(9). Although rate of release 


of thyroidal !*1 is an index of thyroid activity, 
it does not, however, indicate the quantity of 


thyroid hormone which is secreted under any 


given set of conditions. The technic proposed 
by Pipes et al.(10), and later modified (9,11), 
appears to be much more sensitive than thy- 


roidal I'*! release rate in detecting changes in’ 


thyroid activity. It also has the added advan- 
tage of estimating secretion rate in terms of 
l-thyroxine. The contradictory results ob- 
tained with reserpine in previous I'*' uptake 
studies may be due to the lack of sensitivity 
of this method as compared with thyroidal 
I'*1 release rate and TSR determination, for 
the results of the present experiments clearly 
indicate that reserpine inhibits thyroid activ- 
ity. It is likely that maximum inhibition is 
produced by the dosages of reserpine em- 
ployed since average TSR of animals receiv- 
ing 5 or 10 wg/100 g is the same. The sig- 
nificantly lower TSR of those treated with 50 
ug/100 g reserpine is probably due to the 
added effect of inanition upon thyroid activity, 
as it was observed animals of this group ex- 
hibited a marked reduction in body weight. 
The mechanism by which reserpine inhibits 
thyroid function is unknown. It has been sug- 
gested reserpine inhibits the organic-binding 
of 1781(5,6). If organic-binding of I**! was a 
factor, an apparent increase in release rate 
would be expected since the thyroid would be 
unable to hold the recycled I'*'. The oppo- 
site result was obtained in these experiments. 
It has also been suggested that reserpine an- 
tagonizes_ thyroxine(1,2). Although _ this 
mechanism warrants further investigation, it 
is likely reserpine inhibits thyrotropin secre- 
tion, possibly through the hypothalamo-hypo- 
physeal system, since pharmacological studies 
(12) have indicated the primary site of action 
of reserpine to be the hypothalamus. It is also 
of interest to note that secretion of at least 2 


other hormones of the adenohypophysis, | 


ACTH(13) and gonadotropin(14), is inhib- 
ited by reserpine. 
exhibited by animals receiving 50 pg/100 g 
reserpine is probably due to a decreased food 
intake. Increases in body weight of rats in- 


Decrease in body weight | 
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jected with the 2 lower doses of reserpine may 
result from an increased deposition of fat 
which may occur during a hypothyroid state. 

Summary. Reserpine at doses of 5, 10 or 
50 wg/100 g/day inhibits thyroid activity in 
rats. Thyroidal I'*! output is decreased sig- 
nificantly and thyroid secretion rate is reduced 
approximately 84-90% below control values. 
It is suggested reserpine alters thyroid func- 
tion through inhibition of thyrotropin secre- 
tion. 
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MILTON KLETZKIN AND FRANK M. BERGER 
Wallace Lab., Division of Carter Products, New Brunswick, N. J. 


During an investigation relating to site of 
action of meprobamate(1) recordings of brain 
waves from various cortical and subcortical 
leads were studied. Spontaneous potentials 
picked up from thalamus are slowed in fre- 
quency and increased in amplitude after ad- 
ministration of small doses of the drug. 
Larger doses caused similar changes in cere- 
bral cortex but did not affect potentials in the 
hippocampus, fornix, amygdala and other 
limbic structures(2). The present study de- 
scribes effects of meprobamate upon seizure 
discharges initiated by direct stimulation of 
the limbic system and upon activation pat- 
terns produced by stimulation of the reticular 
formation. 


Methods. Twenty-five adult male cats 
were prepared under ether anesthesia. Bipolar 
electrodes were placed stereotaxically in mid- 
brain reticular formation, hippocampus, amyg- 
dala, anterior thalamic nuclei, septum and gy- 
rus cinguli, and cortical electrodes were intro- 


duced through cranial burr holes. Wound 
margins and pressure points were infiltrated 
with xylocaine, the animals immobilized with 
succinylcholine given intravenously by a slow 
injection apparatus. Respiration was main- 
tained with respiratory pump. At least one 
hour was allowed for elimination of ether be- 
fore start of experiment. Recordings were 
taken with Grass _ electroencephalograph, 
Model IIID, and AEL 104 stimulator supplied 
the trains of rectangular pulses used. At end 
of each experiment the brain was removed and 
electrode positions verified. 


Results. The limbic system was stimulated 
in 2 ways; directly and indirectly. Direct 
stimulation (1 msec pulse; 150/sec. 4-10 
volts; 5-7 sec.) of the hippocampus produced 
high voltage afterdischarges which usually 
persisted for 35-50 seconds. These afterdis- 
charges almost always spread to other limbic 
structures and ended simultaneously and 
abruptly in all leads. Duration of these elec- 
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stimulation period. 
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trical seizures was quite consistent for each 
animal but showed some variability between 
different animals. After several consecutive, 
consistent responses had been obtained, drugs 
were injected and the stimulation repeated. 
Meprobamate in doses as small as 20 mg/kg 
i.v. usually attenuated the afterdischarges by 
one-half or more. Larger doses produced an 
even greater reduction in duration of after- 
discharges observed. Sometimes the seizure 
was completely suppressed. 

An experiment is illustrated in Fig. 1. 
Prior to administration of the drug, afterdis- 
charges from the hippocampus and amygdala 
persisted for 54 seconds. Ten minutes after 
administration of the drug, afterdischarges 
were reduced in duration to only 18 seconds 
and failed to appear when stimulation was re- 
peated 10 minutes later. Fifty minutes after 
administration of meprobamate, afterdis- 
charges, although present, were still markedly 
shorter in duration than before the drug. Re- 
covery gradually became apparent about an 
hour after administration of drug. Responses 
produced by stimulation of the amygdala 
seemed to be somewhat more sensitive to the 
effects of meprobamate than the hippocampus. 

Electrical stimulation of midbrain reticular 
formation (0.5 msec pulse; 150/sec; 3-4 
volts; 5-7 sec) produced an arousal response 
and activation pattern in the electroencephalo- 
gram characterized by 5/sec high voltage 
waves in the hippocampus. At the same time 
high frequency, low voltage rhythm was pro- 
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duced in recordings from the cerebral cortex. 


Administration of meprobamate in doses of 


20 mg/kg did not affect this activation re- 
sponse. Larger doses of the order of 40 mg/ 
kg produced only insignificant changes. Bar- 
biturates, on the other hand, suppressed acti- 
vation in both cerebral cortex and hippocam- 
pus as well as afterdischarges in accordance 
with previous reports(3,4,5). 

Discussion. Meprobamate exerts a selec- 
tive effect upon the limbic system of the brain. 
This has been previously shown on a _ be- 
havioral level by Hunt(6) who demonstrated 
that meprobamate dramatically offset septal 
irritability in rats. Gangloff(7) has shown 
that meprobamate does not affect cortical ac- 
tivation responses elicited by stimulation of 
the reticular formation. Our findings demon- 
strate that this is also true for hippocampal 
activation. Meprobamate sharply attenuates 
afterdischarges in various  rhinencephalic 
areas. This selective effect of meprobamate 
stands in contrast with the action of barbitu- 
rates that suppress both arousal responses in 
limbic structures and cortex and_ afterdis- 
charges in limbic structures. 

The findings that meprobamate can sup- 
press abnormal activity in the limbic system, 
known to be intimately associated with emo- 
tions(8,9) while leaving unaffected the mid- 
brain reticular formation associated with 
maintenance of consciousness(10) may pro- 
vide a neurophysiological substrate for clini- 
cal effects of this drug. 

Summary. Meprobamate shortened dura- 
tion of afterdischarges produced in the limbic 
system of unanesthetized, immobilized cats 
The drug, however, did not affect the activa- 
tion patterns evoked in the hippocampus and 
cerebral cortex by stimulation of midbrain 
reticular formation. 
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Procedure for Detection of Thyrotropin Inhibitor in Human Urine.* (24744) 


ALBERT Lepp (Introduced by Paul Starr) 
Dept. of Medicine, University of S. California School of Medicine and Los Angeles County Hospital 


A thyrotropin (TSH) inhibitor prepared 
from human urine has been described(1). 
This material was shown to repress response 
to TSH of guinea pig acinar cell height and 
chick thyroid weight. This paper presents an 
alternate procedure and further evidence for 
its presence. Adapting intravenous TSH as- 
say technics(2-5) to the intracardiac route 
in chicks(6), there was a simplification of 
TSH-inhibitor assay which was consequently 
shortened from 2 to 4 days to 4 hours. 

Methods. Day-old White Leghorn cock- 
erels are given on arrival at the laboratory an 
intraperitoneal dose of 5 to 10 microcuries of 
I'3! in 0.2 ml saline. A partly purified diet 
(iodine salts omitted), containing 0.1 mg% 
of Na-L-thyroxine,’ and distilled water sup- 
plied ad lib. The chicks were screened 3 days 
later by comparing relative I'*! uptakes of 
neck thyroid region (which varied from 4 to 
38%) and then distributed into groups. 
Chicks with I'*! uptake values of 10 to 13% 
were used the following day, those with 14 to 
19% the next day, and those with 20 to 25% 
on the next and final day. Food was with- 
drawn 20 hours before chicks were placed on 
assay and cockerels distributed into groups of 
10. It is of utmost importance that chicks 
in an assay be equally distributed, balancing 
in each group the variation in I'*! uptakes. 
Determination of blood I'*! prior to assay was 
unnecessary since each group had the same 
distribution of chicks with matched I'*! up- 
takes. A solution of inhibitor preparation in 


* Supported by grants from U.S.P.HS. 
+ Generously supplied by Baxter Labs, Morton 


Grove, Il. 


1 ml saline is injected intraperitoneally and 
one hour later TSH was injected at a different 
site intraperitoneally or as an intracardiac 
dose in 0.1 ml of saline. At 4 hours post-in- 
jection of inhibitor, aliquots of 0.2 ml of 
blood were removed by intracardiac puncture 
with a 3@ inch #24 needle and dried on alu- 
minum planchets. Blood radioactivity was 
measured with an end-window-shielded Gei- 
ger Tube and Autoscaler (Model SC-lb, 
Tracerlab). In each assay the blood level 
I'*! counts/minute due to highest test dose of 
TSH reference standard were referred to as 
100%; responses to other doses were ex- 
pressed as per cent of this maximum response. 
Deviations in blood I'*! values following TSH 
stimulation within each group were great, but 
differences between average values for the 
groups were significant when using adequate 
variable TSH doses. After completing assays 
on chicks with 10 to 13% I'*' uptakes, sea- 
sonal sensitivity to TSH was determined and 
doses of TSH elevated or decreased to deter- 
mine seasonal minimal significant dose. 
Results. Factors affecting TSH-inhibitor 
assay. Optimal time interval for assay was 
determined by selecting an intermediate TSH 
dose (2 milliunits!) for intraperitoneal injec- 
tion, and removing blood samples by intra- 
cardiac puncture from chicks with similar 
I'3! uptakes at intervals of from 0.2 to 6 hours 
(Table I). Peak response occurred at 3 hours. 
Four dose levels were compared using chicks 
from the same lot and tested simultaneously. 
The response to 0.75 milliunit of TSH, which 


¢ This assay, performed in March, represents pro- 
cedure at its seasonal best. 
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TABLE I. Blood P% Response to An Intraperi- 
toneal Dose of TSH to Indicate Suitability of 3- 
Hour Interval for Bioassay. 


After TSH dose 
.2 ml blood 
sample was 


% response after TSH dose 
in milliunits 


removed at: 25 0 2.0 20.0 
.2hr 39 + 8 
1.0 48 +11 
a4 (0) 39 +11 38+8 66+11 100 +32 
6.0 56 +24 


Data represent mean value and stand. error for 
groups of 8 chicks. 
was 38% of the response to 20 milliunits, was 
identical with the response to 0.25 milliunit. 
The response to 2 milliunits of TSH, 66% of 
the response to 20 milliunits, was significantly 
higher than the response to 0.75 milliunit. 
Maximal dose in each assay was varied sea- 
sonally and was selected on the basis that it 
caused a significantly different response (P = 
0.001 in most cases) when compared to the 
response to a TSH dose of about 1 milliunit 
which always gives an essentially negligible 
response. In Table II, the test of 4-15-58 
represents a typical assay for February to 
mid-April. Thereafter, (4-22-58 and 5-26-58) 
a dose of 10 to 20 milliunits of TSH, rather 
than 2 milliunits, was required to obtain a 
significant response (P = 0.05). The ele- 
vated temperatures of summer caused the 
chicks to be more refractory to TSH stimula- 
tion. During July and August, for example 
the assay of 7-14-58, 50 milliunits of TSH 
were occasionally required to demonstrate a 
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significant difference in response. 


Detection of TSH inhibitor was possible 
under these variable climatic conditions by 
comparison of TSH levels that stimulated a 
significant response in the chick in the pres- 
ence and absence of inhibitor. 


The most suitable chicks for assay were in 
the 20 to 25% I'*! uptake range. 
10 to 13% uptake range, whose thyroids had 
assimilated a lesser amount of I'*!, when 
stimulated with TSH yielded a lower blood 
1/31 level. In both uptake ranges 50 milli- 
units of TSH always caused a significant in- 
crease in blood I'*! as compared to the re- 
sponse to 1 milliunit, regardless of season. A 
chick with a 10 to 13% I'*' uptake is not 
more responsive if given a second dose of [7?1- 
as compared with a chick with 20 to 25% up- 
take. Chicks of 10 to 13% uptake range were 
given a second 5 pe dose of [#1 (8-21-58) and 
compared with chicks in the 20 to 25% up- 
take range (8-19-58) from the same lot. Al- 
though the second dose of I’*! materially 
raised the blood level of radioactivity, sensi- 
tivity of the assay was reduced, and the assay 
of 8-21-58 appears of less significance as com- 
pared to that of 8-19-58 (low response value 
was 64% instead of 32%). 

Response to TSH injected by intracardiac 
route was determined and appeared to be con- 
siderably better than the intraperitoneal 
method as indicated in assays on 5-26-58 and 
9-4-58 (Table II). In routine assays, the 


TABLE II. Blood I'*' Bioassay for TSH. 


% response after TSH dose in milliunits 


Date TSH* oO 1 5 10 20 50 
4/15/58 USP 40+ 8 74 + 20 100 + 25 
Thytropar 62+ 6 83 + 16 100 + 20 
22 USP 565 +17 62 +18 100 + 29 
Thytropar 52 + 11 52+ 7 109 + 33 
5/26 USP 47 + 29 51 + 34 93 +47 100 + 29 
USP (L.C.) 46+ 18 83 + 26 94+ 15 
7/14 Thytropar 57 + 27 80 +50 100 + 35 
8/19 43 32 +17 100 + 30 
21 ie 64+ 19 100 + 36 
9/ 4 USP 294-25 37417 73 + 25 97 +66 100 + 46 
USP (I.C.) 35-+28 93+ 44 


* Generous amounts of Thytropar were supplied by The Armour Laboratories, Kankakee, Ill. 


USP refers to U.S.P. reference standard. 


LC, indieates intracardiac instead of intraper. dose of TSH. 
Data represent mean value and stand, error for groups of 10 chicks. 


Chicks in 
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TABLE III. Time for Absorption of the TSH-In- 
hibitor. 


% response after TSH 


Tnhibitor* given dose in milliunits 


hr before TSH 1 20 
Control (omit TSH- 21+11 100 + 387 
inhibitor) 
.05 72 + 66 
j 45 + 31 
2. 47+ 9 
4 45 + 25 


Data represent mean value and stand. error for 
groups of 7 to 8 chicks. 


_ * 2 mg of V.M. urine preparation were given 
intraper. 

latter route was preferred for administration 
of urinary samples tested for presence of TSH- 
inhibitor. The intracardiac TSH injection 
route is preferable when the supply of TSH 
is limited. 

TSH-inhibitor detection. Presence of TSH- 
inhibitor in urinary preparations assayed by 
the chick thyroid weight method(1), using 
multiple doses, was not confirmed by blood 
level I'*' procedure using single doses of TSH 
and inhibitor, until it was discovered that 
urinary TSH-inhibitor preparations were ab- 
sorbed at a slower rate than TSH. This effect 
became apparent (Table III) when the uri- 
nary preparation was injected at zero time 
and TSH was injected at a separate site a 
few minutes to a few hours later. The inhi- 
bition was not significant at 0.05 hours, but 
after 1 to 4 hours there was sufficient absorp- 
tion of the urinary preparation and a signifi- 
cant block of the response to TSH became 
apparent. 

The method of choice used thereafter for 
detection of the TSH-inhibitor allowed one 
hour to elapse after intraperitoneal dose of 
urinary preparation before giving the TSH 
dose in a separate site intraperitoneallly. 

Three urinary preparations from hypothy- 
roid patients on thyroid medication (V.M., 
F.M. and N.H.), selected from samples which 
contained the TSH-inhibitor by the chick 
thyroid weight method, were recently retested 


_ by the I?#1 blood method (Table IV). Pres- 


ence of a TSH-inhibitor detected by the chick 
thyroid weight method of assay was confirmed 
by blood level I'*! procedure. Results ob- 
tained with inhibitory urinary preparations 
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from 28 other hypothyroid patients on thyroid 
therapy are also represented in Table IV by 
examples C.H., I.S.-1, and I.S.-2. These as- 
Says present significant evidence for occur- 
rence of TSH-inhibitor in these additional 
patients (P — 0.05). It appears that the 
relative amount of urinary TSH-inhibitor can 
vary considerably in collections made a few 
weeks apart (i.e. I.S.-1 and I.S.-2) and a 
clinical study of the significance of this varia- 
tion is in progress. 

Insofar as the TSH-inhibitor studies have 
only been made in patients treated for thy- 
roid disorders, it was necessary to investigate 
the possibility that thyroid medication admin- 
istered to patient might be metabolized to 
form the TSH-inhibitor. Doses of 100 pg of 
Na-L-thyroxine, 100 pg of Na-L-triiodothy- 
ronine, 200 yg of triiodothyroacetic acid, 
200 wg of tetraiodothyroacetic acid, or 
300 wg of Na-D-thyroxine were tested as 
TSH-inhibitors, but were without effect on the 
assay. An attempt to repress endogenous 
TSH stimulation was unsuccessful in a goiter 
prevention test of rats on 0.1% thiouracil diet 
ad lib.(7) using 200 mg of TSH-inhibitor in 


TABLE IV. Blood I Bioassay for Detection of 
TSH-Inhibitor. 


J response after 


Source Dose of TSH dose in 
of urine urine milliunits 
preparation* prep., mg 1 20 50 
Control 0 22 100 
VM NS) 34 
Control 0) 20 100 
VM bs 30 
FM NES 51 
Control 0 aD 100 
NH 2 44 
Control 0 43 100 
CH ] 79+ 
us 5 53 
ile 44 
Control 0 100 
IS-1 l 704 
Control 0 22 100 
ISs-2 13 29 


* Tnitials indicate that urinary preparation was 
made from a pooled urine collection of a hypothy- 
roid patient; and number is added when the pro- 
cedure is repeated a few weeks later with another 
pooled urinary collection from same patient. 


All differences are significant to P — .05 as 
noted: t P=.15 
t P— .09 


686 


10 divided doses over a 5-day period. Hence 
it may be presumed that either the TSH-in- 
hibitor was not long-acting or the endoge- 
nously secreted TSH was not neutralized. 
Thus far the urinary preparations have been 
utilized successfully to repress only exogenous 
TSH effect on the thyroid. 

Summary. A technic for detection of TSH- 
inhibitor in human urinary preparations is 
described. For an effective partial block of 
TSH response, mg amounts of a urinary prepa- 
ration were injected one or more hours before 
an intraperitoneal stimulatory dose of TSH. 
TSH response was then measured using I'*! 
blood levels which were significantly decreased 
following administration of urinary TSH-in- 
hibitor. 
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The nutritional significance of the lipids 
present in the serum medium commonly used 
for growing mammalian cells in tissue culture 
is little understood. The effect of serum li- 
pids on growth has been studied by Baker and 
Carrel(1) and a similar study on lipids from 
embryonic tissues was made by Giudetti(2). 
Davidson et al.(3) measured the changing 
lipid composition of chick heart explants dur- 
ing growth, and Simms ef al.(4) studied fac- 
tors affecting fat deposition im vitro. Verne 
(5) has examined the effect of various com- 
pounds of biological origin on lipid metabol- 
ism in tissue cultures. Cholesterol and fatty 
acids were included in the chemically defined 
medium of Evans et al.(6), but it was later 
reported that there was no noticeable effect on 
growth when these were omitted(6a). Sato, 
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Fisher and Puck(7) claim that addition of 
small amounts of cholesterol to a medium con- 
taining exhaustively dialysed serum, increased 
the plating efficiency of HeLa cells many fold. 
Rutstein ef al.(20) have studied cholesterol 
uptake by primary explants from human 
aorta, and cholesterol synthesis from labelled 
acetate has been demonstrated for the L strain 
of mouse fibroblasts(8) and for a strain of 
human uterine fibroblasts(9). Azarnoff(10) 
has noted differences in the ability to synthe- 
size cholesterol between cells from different 
species. We have studied the differential up- 
take of the various components of the serum 
lipids using principally the MB III strain of 
mouse lymphoblasts(11) as our model system. 
We have also examined a number of other cell 
lines, but in less detail. The pattern of lipid 
uptake for each was similar to that observed 
with the MB III cell, so that it may be as- 
sumed that the results obtained by the more 
detailed examination of the MB III system 
are fairly typical. Romane yo 
Materials and methods: Human placental 
cord serum, ox embryo. extract and balanced 
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salt solution used for routine maintenance of 
the cells were prepared according to the meth- 
ods of Gey(12). Stock cell cultures were 
maintained in 16 x 150 mm roller tubes(13) 
in a medium consisting of human placental 
cord serum (5 parts), ox embryo extract (1 
part) and Gey’s balanced salt solution (4 
parts). The medium also contained penicil- 
lin (100 units/ml) and streptomycin (50 pg/ 
ml) and sterile culture conditions were main- 
tained throughout the experiments. Incuba- 
tion was at 37° in a roller drum turning at 
12 r.p.h. Tubes were inoculated with approxi- 
mately one to 2 million cells in 0.5 ml of me- 
dium, and were treated every 4 days by re- 
moving approximately two-thirds of the old 
fluid plus cells and adding fresh medium. The 
MB III strain used in most of the quantita- 
tive studies, grew rapidly under these culture 
conditions and the cells were only loosely at- 
tached to the walls of the glass roller tube. 
Satisfactory cell suspensions were readily ob- 
tainable for cell growth enumeration, without 
use of trypsin, merely by shaking the tube to 
agitate the fluid over them. For studies of 
lipid uptake, the cells were harvested by cen- 
trifugation and resuspended in the test me- 
dium consisting in most cases of human pla- 
cental cord serum diluted with one part of 
the balanced saline solution. Duplicate roller 
tubes were inoculated with 1 ml of the suspen- 
sion containing approximately one to 2 mil- 
lion cells. Control tubes in which the medium 
was incubated alone were prepared at the 
same time. In prolonged incubations to ob- 
tain greater depletion of the lipids, the me- 
dium was fortified with an additional 0.2% 
glucose. Under these conditions the cultures 
attained a final population density of from 10 
to 12 million cells/ml. This population 
density was two to three times higher than 
that attainable with most other cell lines, and 
resulted in measurable depletions of some of 
the more abundant and less rapidly utilized 
components such as cholesterol, which other- 
wise would have been difficult to determine. 
At the end of the desired incubation period 
the cell population was determined, the cells 
were harvested by centrifugation at 1000/g 
and were washed with 2 successive 1 ml por- 
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tions of balanced saline to remove the last 
traces of medium. The washed cells were ex- 
tracted by refluxing with two successive 5 ml 
portions of 1:1 ethanol/diethyl ether, for 10 
minutes and the extract was evaporated to 
dryness in a stream of nitrogen to prevent 
oxidation. The dried extract was then ex- 
tracted twice with 2 ml portions of boiling 
petroleum ether (B.Pt. 30-60°), and the final 
solution containing the total cell lipids was 
diluted to 5 ml with petroleum ether. The 
depleted medium and the control medium 
were acidified to pH 5 with hydrochloric acid, 
and extracted under reflux for 20 minutes 
with 2 x 40 volumes of 1:1 ethanol/ether. 
The extract was evaporated and redissolved 
in petroleum ether as described above. The 
following determinations were performed upon 
aliquot portions of the extracts: 1. Total li- 
pid was determined by the dichromate method 
of Bloor(14), as modified by Bragdon(15). 
Since some lactic acid was also extracted, this 
was determined separately by the method of 
Barker and Summerson(22), and the values 
for total lipid were corrected accordingly. 2. 
Total cholesterol was determined by the 
method of Pearson ef al.(16), or where neces- 
sary by the more sensitive method of Brown 
(17). Free and esterified cholesterol were 
separated by chromatography on silicic acid 
as described by Wykoff(18), and determined 
by the method of Brown. 3. Phospholipids 
were ashed by combustion with perchloric 
acid-hydrogen peroxide mixture, and inorganic 
phosphate was determined on the residue by 
the method of Allen(19). 4. Triglycerides 
were hydrolyzed with 1 ml 0.4 N NaOH at 
100° for 30 minutes and the glycerol liber- 
ated was determined by the method of Bailey 
(21). Since the procedure also brought about 
hydrolysis of the phospholipids, triglycerides 
were determined by difference. 5. Unsatur- 
ated lipids were determined by a modification 
of the iodine-bromide method of Wizs and 
Hanus(23). Purified lipids used in_ the 
studies on uptake from defined media free 
from serum protein were obtained from The 
California Foundation for Biochemical Re- 
search, Los Angeles. Cholesterol suspensions 
were made by dispersing an alcoholic tincture 


688 
TABLE I. Utilization of Serum Triglycerides by 
Mammalian Cells Growing In Vitro. 
Serum 
Approx. final triglycerides 

Cell population (mg %) % 

line (millions/ml) Before After utilization 
HeLa 1.0 45 12 73 
1333 5 98 23 77 

14 Pf 1.5 98 42 57 
ARF 1.5 98 41 58 
MB III 6.0 51 0 100 


For key to cell nomenclature see Table LV. 

Cells were grown 4 days in medium consisting of 
human placental cord serum diluted with one part 
of saline. Total lipid was extracted as described in 
Methods section, and determinations of triglycer- 
ide, phospholipid and cholesterol were made. For 
first cell strains total decrease in the latter 2 com- 
ponents was less than 5%. For MBIII (with the 
greater cell population) these components decreased 
by 15% and 9% respectively. 


rapidly into a salt-free solution containing 50 
mg % ‘Tween’ 80 (Atlas Powder Co.). A 
double strength saline was then added in equal 
volume. In this way stable emulsions of cho- 
lesterol microcrystals with sizes approximat- 
ing one micron, were obtained. 

Results. Preliminary experiments were 
made with 5 cell lines All brought about a 
rapid removal of the triglycerides (Table I) 
but the population densities were low, so that 
for the first 4 cell lines the depletion of phos- 
pholipids and cholesterol was less than 5% of 
the total present. The MB III cultures how- 
ever contained significantly more cells which 
resulted in the uptake of all the triglyceride 
(510 pg), 80 pg (15%) of the phospholipid 
and 70 pg (9%) of the cholesterol. The har- 
vested cells contained 650 pg of total lipid 
of which 70 pg (11%) was cholesterol, and 
360 pg (55%) was phospholipid. No tri- 
glyceride was found in the cells in this 4-day 
experiment, although in older cultures some 
increase in the cellular triglycerides at the ex- 
pense of phospholipids has been seen. The 
iodine number of the original serum lipid did 
not differ significantly from that of the lipid 
utilized or from the cell lipid. This indicates 
that saturated and unsaturated lipids were 
utilized equally readily. 

The time-course of utilization of the various 
lipid components by the MB III strain after 4, 
7 and 10 days of im vitro growth can be fol- 
lowed from the data given in Table II. The 4 
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and 10-day experiments were carried out in 
the same pooled human placental cord serum. 
In the 10-day experiment, initial glucose con- 
centration was doubled to 0.4%. ‘Total lipid 
in the serum decreased progressively and most 
of the decrease was accounted for by lipid re- 
covered in the cells. At 4 days the lipid found 
in the cells represented 125% of the decrease 
in the medium, at 7 days 116% and at 10 days 
only 89% of that removed from the medium. 
This may be interpreted to mean that under 
normal growth conditions the cell lipid is al- 
most exclusively derived from the medium but 
that some net synthesis (25%) of lipid does 
take place in the initial culture period when 
glucose is present in excess. Under prolonged 
culture conditions in order to complete ex- 
haustion of the medium (10 days), there may~ 
be some net degradation of lipid by the cells 
(11%) to satisfy energy requirements. 

The rapid uptake of triglycerides is appar- 
ently followed by conversion to phospholipids 


TABLE II. Progressive Depletion of Serum Lipids 
by MBIII Strain after 4 Days, 7 Days and 19 
Days of In Vitro Growth. 


Total lipid mg %—~, % Found in 
(days) Before After decrease cells (mg)* 
4 222 170 23 65 
if 245 180 27 76 
10 222 120 46 87 
Cholesterol 
4 86 79 9 7 
7 93 79 18 14 
10 86 67 22 13 
Phospholipid 
4 54 46 15 36 
7 39 24 38 Ly 
10 51 9 82 37 
Triglyceride 
4 51 0 100 0 
7 45 3 94 21 
10 47 10t 79 8 
lodine number 
7 72 73 0 79 


The 4- and 10-day experiments were carried out 
in same pooled human placental cord serum, diluted 
with one part balanced salt solution. In the 10-day 
experiment glucose concentration was doubled to 
0.4%. In the 7-day experiments, cord serum (a dif- 
ferent sample) was diluted with one part NOTC 
109 synthetic medium(6). 

* Caleulated on basis of cells grown on 100 ml 
serum, 

+ Apparent increase in triglyceride after 10 days 
growth was caused by release of lipid droplets from 
degenerated cells. 
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TABLE III. Average Metabolic Quotients for Up- 
take of Serum Lipids from Serum and Synthetic 
Media by MBIII Strain Cells. 


/mil- 
Compound Emulsifier toners) 
Total lipid 50% serum medium 42 
Cholesterol Idem .08 
Phospholipid x 18 
Triglyceride 1.8 
Synthetic medium 
Triolein Lecithin 3.2 
* “«Tween 80’? 3.7 
Leeithin None 1.4 
Plus Triolein 75 
Cholesterol ‘“«Tween 80’? 6 
“9 Albumin .07 
Lactie acid 2.2 
Glycerol 2.3 
Glucose 21 


The synthetic medium consisted of NCTC 109 
(6) with glucose concentration reduced to 0.05% 
to prevent excessive pH changes. Lipid uptake was 
measured over the first 48 hr only. Purified lipids 
were added in concentrations similar to those found 
in cord serum, i.e. 50-100 mg %. Rates given for 
uptake from serum medium in upper part of Table 
are approximate values only. They are calculated 
on basis of linear population increases between 
times at which population determinations were 
made (0, 4, 7 and 10 days). Over the first few 
days, however, growth is more approximately log- 
arithmic. Values for lactic acid, glycerol and gln- 
cose are given for comparative purposes. 


in the cell. When all the triglyceride has been 
utilized, the phospholipids in the medium are 
taken up more rapidly. The apparent subse- 
quent increase in the medium triglyceride after 
10 days (Table IT) is probably due to release 
of fat droplets which was observed in the older 
cultures when some cells were beginning to 
show signs of degeneration. The rapid disap- 
pearance of triglyceride represented true up- 
take rather than extracellular hydrolysis since 
in experiments where triglycerides were added 
to synthetic medium (Table III) it was shown 
that the total lipid in the medium (which 
would have included any such hydrolysis 
products) decreased at the same rate as tri- 
glyceride The rate of uptake of some pure 
lipids added to a chemically defined medium 
paralleled the rate observed in serum (Table 
III). The rate of uptake of triolein was less 
when it was emulsified with lecithin and a 
similar sparing effect on rate of uptake of leci- 
thin was noted when triolein also was present. 
The free acids and the methyl esters were 
toxic when used at similar concentrations, but 
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from microscopic observations of the cells and 
the medium it was concluded that this toxicity 
probably resulted from the binding of calcium 
or other ions to form insoluble precipitates 
rather than to any specific toxicity due to 
structure. 

Cholesterol uptake could not be measured 
directly using other cell lines, for the reasons 
already stated. Cholesterol content of a num- 
ber of strains was however determined di- 
rectly. The results (Table IV) show that ap- 
preciable amounts are present in all cells, rang- 
ing from a low of 0.6% of the dry weight for a 
strain of rat adrenal cells to as high as 2.8% 
for the FL strain(28) of human amnion cells. 
Cholesterol content seems to be fairly charac- 
teristic of the type of serum in which the cell 
is grown. For example the cholesterol con- 
tent of the MB III strain grown on a large 
number of human placental cord serum sam- 
ples has ranged only between 1.9 to 2.5% of 
the dry weight. For adult serum medium the 
cholesterol content of the cells may be almost 
doubled; for cord serum which was supple- 
mented with only small additional amounts of 
free cholesterol or for serum samples from cer- 
tain coronary patients, MB III cells contain- 
ing as high as 10% of the dry weight as cho- 
lesterol have been grown. ‘Total cholesterol 
extracted from the medium and from the MB 
III cells was separated into free cholesterol 


TABLE IV. Cholesterol Content of Mammalian 
Cell Strains Growing In Vitro. 


Strain Cell type % cholesterol 
FL Human amnion(28) 2.8 
D-1 Re ny chondromyxosarcoma 2.6 
ARF Articular ridges of femur (rat) 2.1 
MBIIL Tumorous mouse lymphoblast 2.0 
319 Walker rat sarcoma 109 
Maben Human lung carcinoma (Frisch) 1.7 
256 Walker rat carcinoma 1.6 
72-624 Tumor from subeut. areolar tis- 1.6 
sue (rat) 
HeLa Hpidermoid carcinoma of cervix 1.3 
(human) 
3G29 Rat adrenal (Zona fasciculata) 6 


Cells were harvested from the growth medium 
after 4 days. Cholesterol was extracted and deter- 
mined as deseribed in Methods section. Medium in 
most cases was human placental cord serum diluted 
with one part of balanced saline. Cholesterol val- 
ues are expressed as % of dry wt after extraction 
of lipid and air drying at 120°. Dry wt was deter- 
mined by direct weighing or by combustion as to- 
tal carbon by dichromate method of Bloor(14). 
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TABLE V. Selective Utilization of Serum Lipids 
by MB III Cells Growing In Vitro. 


% in %inlipid % in 
Component serum lipid utilized cell lipid 
Cholesterol 40 20 15 
Phospholipids 25 20 50 
Triglycerides 20 60 5 
% unsaturated 40 40 45 


(as linoleic) 


Values given are approximated from avg values 
for a number of human placental cord serum 
samples. Values for lipid utilized are avg over 
whole growth period. If these values are calculated 
over the early stages of growth, the disproportion- 
ality between triglycerides and cholesterol is even 
more pronounced than these figures indicate. 


and esterified cholesterol by chromatography 
on silicic acid columns. In this experiment 
total cholesterol in the original medium was 
59 mg % of which 40 mg % was ester and 19 
mg % free. Total cholesterol in the medium 
after the cells had been harvested was 43 mg 
% of which 19 mg % was ester and 24 mg % 
was free, and the harvested cells contained 24 
mg (corrected for comparative purposes to 
cells harvested from 100 ml serum) which was 
all free cholesterol. Although at first sight 
this may be interpreted to mean that the cells 
take up the esterified cholesterol exclusively 
and then hydrolyze it, exchange experiments 
using labelled cholesterol, and designed to fol- 
low more closely the mechanism of lipid up- 
take (see discussion) have shown that the cor- 
rect explanation probably is that the cells 
take up both the free and the ester, hydrolyze 
the ester and then excrete the excess free cho- 
lesterol. In addition, free cholesterol added to 
chemically defined medium (Table III) was 
taken up at a high rate. This higher rate of 
uptake in synthetic medium is probably the 
result of some phagocytic ingestion of the 
cholesterol crystallites in the emulsion in ad- 
dition to the usual method of lipid uptake. 
The question of ability of the MB III strain 
to synthesize cholesterol could not be decided 
in our experiments because of the large excess 
present in the medium. It can be calculated 
however that under the culture conditions 
used here, less than 5% of the total cell cho- 
lesterol is the result of net synthesis. There is 
little if any degradation of the cholesterol or 
interconversion into other steroid compounds 
since even after prolonged incubation of 4-C™ 
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cholesterol with MB cells, less than 0.1% of 
the radioactivity could be detected in products 
other than cholesterol on paper chromato- 
grams. See 

Discussion. The lipids are relatively large 
molecules with average molecular weights of 
the order of 500, and in addition, in serum are 
bound in lipoprotein complexes with molecu- 
lar weights of many thousands. These large 
molecules however enter the cell at rates com- 
parable to those for much smaller molecules 
(cf., glycerol, glucose and lactic acid Table 
III) Current theories to explain lipid ab- 
sorption in the gut follow two main schools of 
thought. 1) The so-called ‘Lipolytic’ theory 
which assumes that triglycerides are first com- 
pletely hydrolyzed to the fatty acids and then 
are absorbed as a bile acid complex, (or a 
variation of this in that they are converted 
into phospholipid in the cell membrane during 
active transport) and 2) the ‘particulate’ the- 
ory which assumes that small droplets of fluid 
can pass directly into the cell. (For review 
see Deuel(24)). In the consideration of up- 
take of large molecules by cells in tissue cul- 
ture it has generally been assumed that some 
process analogous to the ‘particulate’ theory 
above was responsible. Tissue cultured cells 
observed under moderate magnification on the 
glass walls of the culture vessel are seen to 
take up large numbers of droplets of the me- 
dium by a process of ‘cell drinking’ or pinocy- 
tosis(25,26). The apparent mechanism of 
this process has been discussed by Gay(25), 
and Lewis(26) has estimated that the cell is 
capable of taking up in this way a volume of 
fluid equal to the cellular volume in as little 
as 3 hours or less. In Table IV are collected 
average values for the composition of the lipid 
of the medium, for the lipid taken up by the 
cell and for the cell lipid itself. The composi- 
tion of the lipid taken up by the cell is very 
different from that of the medium. It is dif- 
ficult to reconcile this with the apparently ran- 
dom and non-specific process of pinocytosis 
where it would be expected that the composi- 
tion of the droplets enfolded by the cell mem- 
brane, (and which are often many microns in 
diameter), would be the same as that of the 
outside medium. We have considered two al- 


UTILIZATION OF SERUM LIPIDS BY MAMMALIAN CELLS 


ternative mechanisms in explanation of these 
results. First that the lipids are absorbed into 
the cell by some specific mechanism which 
may involve chemical transformation and ac- 
tive transport across the cell membrane. Con- 
version of triglycerides into phospholipids dur- 
ing or immediately following absorption offers 
some support to this hypothesis). Second, 
that the lipids ars absorbed into the cell by 
some non-specific process (micro. or ultra- 
micro. pinocytosis) which is followed by spe- 
cific utilization of certain components and 
non-specific excretion of the remainder. Such 
a sequence of events would of course give a 
net result which would resemble specific up- 
take. It is very probable that some process 
of fluid excretion analogous to pinocytosis is 
continually going on, otherwise the cell would 
swell and burst. However in contrast to pino- 
cytosis, it must be taking place at a submicro- 
scopic level(27), since visible droplets are 
rarely seen leaving the cell. In order to dis- 
tinguish more certainly between these various 
possibilities, we have studied the uptake of 
labelled cholesterol, both in the free state and 


‘complexed with crystalline albumin, and its 


subsequent exchange with the medium when 
the cells were returned to unlabelled medium. 
It was found that the cells were continually 
excreting cholesterol at a rate which was at 
least 1% times the net rate of cholesterol ac- 
cumulation within the cell. These results can 
only be reconciled if some process (i.e. uptake 
followed by excretion) such as that outlined 
in the second hypothesis above, is taking 
place. Fillerup et al. have studied the uptake 
of labelled albumin palmitate by ascites tu- 
mor cells(29). They found that palmitic acid 
was readily taken up, but that albumin was 
not. They concluded therefore that the al- 
bumin palmitate complex was probably hy- 
drolyzed at the cell surface and that this was 
then followed by passage of the palmitic acid 
into the cell. It would seem however that the 
operation of some excretion process similar to 
that described here would also be a valid ex- 
planation of these results. 

Although the values observed for rate of ex- 
change of labelled cholesterol with the me- 
dium are of sufficient magnitude to explain 
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the uptake of both phospholipids and choles- 
terol by the second mechanism outlined above, 
rate of uptake observed for triglyceride is still 
too large to be explained entirely on this basis. 
Two possibilities are under consideration. 
First that the labelled cholesterol within the 
cells is less labile towards exchange than the 
newly incoming unlabelled cholesterol, or sec- 
ond, that uptake of triglycerides does indeed 
involve both a specific and a non-specific 
process. 

Summary. 1) A variety of mammalian 
cells growing in tissue culture took up appre- 
ciable amounts of lipid from the serum used 
in the medium. For the MB III strain of 
mouse lymphoblasts, triglycerides were most 
rapidly utilized followed by phospholipids and 
then cholesterol. This preferential utilization 
of triglycerides was also shown by 4 other cell 
strains. 2) The MB ITI cell utilized saturated 
and unsaturated lipids equally readily, and 
there was little net breakdown of lipid to sat- 
isfy cell energy requirements. There was 
however considerable conversion of triglycer- 
ides to phospholipid following absorption. 
3) Cholesterol uptake appears to be a general 
phenomenon, and appreciable amounts rang- 
ing from 0.6% to 2.8% of the dry weight were 
found in all strains of cultured cells examined. 
Cholesterol content of cells was related to the 
type of serum used in the growth medium. 
4) The composition of the lipid taken up by 
the cells differed markedly from that in the 
medium. This is discussed from the point of 

“view of: (1). A specific process of uptake or 
(2). A non-specific uptake by pinocytosis, fol- 
lowed by incorporation and a non-specific ex- 
cretion. Evidence is presented in favor of 
this second mechanism. 
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Anticoagulant Activity of Phosphatidylserine Free of 


Lysophosphatidylserine.* 


(24746) 


M. J. Strver, D. L. TurNErR, R. R. HOLBURN AND L. M. Tocantinst 
Charlotte Drake Cardeza Fn., Jefferson Medical College, Philadelphia, Pa. 


In our earlier work(1,2) purified phospha- 
tidylserine (PS) from pork brain was shown 
to be a potent anticoagulant in vivo and in 
vitro. However, these fractions were con- 
taminated with lysophosphatidylserine (LPS). 
The present paper describes fractions free of 
LPS, with anticoagulant activity similar to 
that of the earlier fractions. This substanti- 
ates the previously recorded evidence(1,2) 
that anticoagulant activity is a function of 
naturally occurring PS. 

Methods. Preparation of fractions. In our 
earlier method(1,2) for purification of PS 
from the fraction III of Folch(3) the frac- 
tions are in prolonged contact with chloroform 
and methanol. The method was modified by 
eliminating the overnight extraction of each 
fraction with chloroform and methanol, thus 
completing the fractionation in one day in- 


* Aided by grant from U.S.P.HS. 
+ With technical assistance of Louise O’Keefe. 


stead of eight. The extracts derived from the 
fraction III of Folch are designated as ITI-1, 


IlI-2, III-3, . . . III-8 and the residue as 
III-R. 
Results. Paper chromatography. Fig. 1 


illustrates paper chromatography of the pure 
serine phosphatide fractions on paper impreg- 
nated with silicic acid. The methods em- 
ployed have been described(4,1). To show 
how purification was followed from the “ce- 
phalin” some of the cruder fractions are in- 
cluded. Fractions III-2 to ITI-8 had only one 
spot corresponding to PS. This spot was ninhy- 
drin positive and appeared blue-violet under 
ultra-violet light (UV) in the wet state, after 
staining with Rhodamine 6G. The yellow 
center is believed to represent aldehydogenic 
serine phosphatide. Fraction III-R showed a 
spot corresponding to PS and a slow-moving 
component with mobility and staining prop- 
erties similar to an inositol phosphatide (IP). 
The TP content of this fraction would explain 
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its relative insolubility. A PS preparation 
made from the same fraction IIT by the meth- 
od of Folch#(5) also showed a second spot 
which probably represents a second type of 
IP. Corresponding spots are found in the 
fraction | of Folch(3) which is known to con- 
centrate IP. Phosphatidylethanolamine (PE) 
is concentrated in fraction III-1. PE was 
easily detected in this latter fraction, although 
it could not be detected in 100 ug of the Frac- 
tion III from which the III-1 was derived. 
Sometimes PE appears in fraction III-2 as 
well as in III-1. When solutions of fraction 
III-3 to III-8 in chloroform were kept at 4° 
for one month or when the fractions were 
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FIG. 1. Chromatography of phospholipid fractions 
on paper impregnated with silicic acid. The sol- 


vent mixture—diisobutyl ketone : acetic acid : wa- 
ter (40/25/5) (V/V/V)—was allowed to run as- 
cending for 20 hr at 4°. The papers were then 
dried, stained with Rhodamine 6G and examined 
under ultra-violet light. Spots at position 2 appear 
yellow—phosphatidylethanolamine. Spots at posi- 
tion 3 appear blue-violet—phosphatidylserine (yel- 
low centers in these spots contain aldehydogenic 
material). Spots at position 4 and 5 appear blue- 
violet, are ninhydrin negative and probably repre- 
sent 2 different inositol phosphatides. Spots at 
position 1 appear blue-violet and remain unidenti- 
fied. Synthetic PE (shown on extreme right) was 
L-dioleylphosphatidylethanolamine kindly provided 
by Dr. Erich Baer. Cephalin fraction was prepared 
by method of Foleh(3) from pork brain. Fractions 
I, II, III, IV, V prepared from this cephalin by 
method of Folch(3). Fractions III-1 to III-8 and 
III-R prepared from fraction III by method de- 
seribed in text and in references(1,2). Fraction 
labelled Folch PS is a PS fraction from pork brain 
prepared exactly as described by Folch(5). One 
hundred wg of each fraction was applied to the 
paper in 10 yl of chloroform solution. 


$+ PS fracticns prepared as described by Folch(5) 
sometimes contain small amounts of PE as revealed 
by paper chromatography. Since PE has clot accel- 
erating activity, this could explain the fact that the 
PS of Folch does not always have anticoagulant ac- 
tivity comparable to our PS fractions. 
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MICROGRAMS OF PS FRACTION 
IN THE CLOTTING SYSTEM 
PIG. 2. Anticoagulant activity of serine phospha- 
tide fractions free of LPS and those containing 
LPS. Unshaded bars represent clotting times pro- 
duced by a solution of fraction III-4 prepared as 
described in this paper. Shaded bars indieate elot- 
ting times produced by a solution of a fraction 
III-5 prepared by the older method(1,2) and con- 
taining some LPS. Fractions tested in the fully 
solubilized form(2). Dilutions from original 2 mg 
/ml solution containing sodium desoxycholate (2 
mg/ml) were made with 0.9% sodium chloride so- 
lution buffered at pH 7.4 with 0.05 m imidazole. 
Clotting tests were performed by adding 0.1 ml 
amounts of the following to siliconized tubes and 
noting clotting time at 37°: normal, human, cit- 
rated plasma; PS solution (or buffered saline con- 
trol); human brain thromboplastin; 0.02 m CaCl, 
solution. 


100 200. 


stored dry under nitrogen at —15° a second 
ninhydrin positive spot was noted in each, 
after paper chromatography. This spot cor- 
responded to the LPS described elsewhere (1). 
It is evident that LPS is an artefact generated 
from PS during prolonged contact with chloro- 
form and methanol, or storage after briefer 
treatment with these solvents. 

Anticoagulant activity, Anticoagulant ac- 
tivity of pure PS fractions was compared to 
that of fractions previously described(1,2) 
which contained small amounts of LPS. The 
results (Fig. 2) show that pure PS had anti- 
coagulant activity of the same order of mag- 
nitude as PS fractions containing LPS. The 
slightly longer clotting times produced by the 
fractions containing LPS may be due to in- 
creased solubilization of PS by LPS. The in- 
hibiting effect of PS on formation of plasma 
thromboplastin (Fig. 3) and on thromboplas- 
tin itself after it is formed (Fig. 4) is note- 
worthy. There is little doubt that PS actually 
inhibits thromboplastin formation because of 
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FIG. 3. Inhibition of thromboplastin generation 
by purified serine phosphatide fraction. Reaction 
mixture: 0.3 ml suspension of normal human plate- 
lets; 0.3 ml 20% normal, human, citrated plasma 
adsorbed with Al(OH),; 0.1 ml PS solution or 
control; 0.38 ml 10% normal human serum; 0.3 ml 
CaCl, solution, 0.02 m. Mixture incubated at 37° 
in siliconized tubes. At timed intervals 0.1 ml por- 
tions of mixture were added to 0.1 ml normal hu- 
man plasma followed by 0.1 ml of 0.02 m CaCl, 
solution in glass tubes. Shortest clotting time ob- 
tained for a PS test solution was converted to per- 
cent thromboplastin generated from dilution curve 
based on control reaction mixture(6). These values 
are shown by unbroken line. Broken line indicates 
greatest amount of thromboplastin generated by 
similar concentrations of sodium desoxycholate 
when buffered saline solution was employed instead 
of platelet suspension. This control was included 
since PS was dissolved with aid of sodium desoxy- 
cholate as described elsewhere(2) and indicates 
that inhibition can not be due to this solubilizing 
agent. With platelets in the system, the mixture 
containing sodium desoxycholate gives 100% 
thromboplastin generation. All dilutions were 
made with 0.9% sodium chloride solution, buffered 
at pH 7.4 with imidazole. 


Mixture 


the order of magnitude of quantities of PS re- 
quired to produce similar clotting times when 
PS is added immediately to the thromboplas- 
tin generating mixture or when it is added 
after full thromboplastin generation has oc- 
curred. For example, in another series of 
tests in which the control clotting time (full 
thromboplastin generation, no PS added) was 
13 seconds, 0.8 wg of PS produced a clotting 
time of 16 seconds when PS was added imme- 
diately to the generating mixture; when PS 
was added to the reaction mixture after full 
thromboplastin generation, 80 wg was neces- 
sary to produce the same clotting time. When 
80 pg of PS was added immediately to the 
generating mixture, clotting time was 335 sec- 
onds. Comparison of clotting times must be 
limited to those obtained in individual experi- 
ments, because of the variability normally 
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found in the thromboplastin generation test 
(6) and because PS affects both rate and 
amount of thromboplastin formation(7). 
Within individual experiments, the quantities 
of PS required to produce similar delays in 
clotting, when added after full thromboplas- 
tin generation, varied between 10 and 100 
times as much as that required when PS was 
added to the generating mixture, at its start. 

Discussion. The purified serine phospha- 
tide fractions described here consist mainly 
of PS in the diester form and contain some 
aldehydogenic serine phosphatide. Anticoag- 
ulant activity of these fractions must be due 
to PS since destruction of the aldehydogenic 
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FIG, 4. Inhibition of thromboplastic activity by 
purified serine phosphatide fraction after comple- 
tion of generation of thromboplastin. Reaction 
mixture: 0.2 ml suspension of normal human plate- 
lets; 0.2 ml 20% normal, human, citrated plasma 
adsorbed with Al(OH);; 0.2 ml 10% normal hu- 
man serum; 0.2 ml CaCl, solution 0.02 m. Reaction 
mixture incubated at 37° for 4.5 min. This allowed 
for full thromboplastin generation as shown by 
clotting time of the control (broken line), Then, 
as indicated by vertical line, 0.2 ml of a suspension 
in buffered saline solution of purified serine phos- 
phatide fraction was added to reaction mixture. 
Ineubation at 37° was continued. Thirty see. later 
(and at intervals to 10 min. thereafter) 0.1 ml of 
final mixture was added to 0.1 ml of normal, hu- 
man, citrated, platelet-poor plasma, followed by 0.1 
ml of 0,02 m CaCl, solution. Clotting times were 
noted (indicated by x in chart). Concentration of 
PS in reaction mixture is indicated alongside each 
curve. Control curve represents clotting times of 
‘same mixture without PS. 
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_ component does not cause loss of activity(1). well as neutralize its effect after it is formed. 


ve 


f 


The fact that such fractions have anticoagu- 
lant activity im vitro slightly lower than PS 
fractions containing small amounts of LPS 
argues in favor of the solubilizing effect of 
LPS on PS.) The inhibitory activity of the 
fraction III of Folch in the thromboplastin 
generation test reported by Barkhan, New- 
lands and Wild(11) can, in the light of the 
findings reported here for purified serine phos- 
phatide fractions, be attributed to PS. 
Summary. Serine phosphatide fractions 
free of lysophosphatidylserine have been pre- 
pared from brain tissue. The strong antico- 
agulant activity of these fractions is ascribed 
to a naturally occurring serine phosphatide in 
the diester form which has the capacity to 
block formation of plasma thromboplastin as 


§ The importance of complete solubilization of 
phospholipids to obtain optimal anticoagulant activity 
has been mentioned elsewhere(2,8,9)) and is dis- 
cussed at length in a review of lipid anticoagulants 
(10). 
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Porphyrin Formation by Tissues from Laying Hens Fed Nicarbazin.* 
(24747) 


D. Pottn (Introduced by H. J. Robinson) 
Merck Inst. for Therapeutic Research, Rahway, N. J. 


The brown color of a hen’s egg is due to 
protoporphyrin deposited on the shell while 
it is in the uterine portion of oviduct(1). 
Uterine glandular tissue from laying hens has 
considerable capacity for transforming 6- 
amino-levulenic acid (ALA), an intermediate 
in the porphyrin cycle(2,3), into porphyrins 
in vitro(4). It is well established that de- 
crease in shell color can be produced by feed- 
ing the coccidiostat nicarbazin(5), a complex 
of 4,4’-dinitrocarbanilide and 2-hydroxy-4,6- 
dimethylpyrimidine (DNC-HDP), to laying 
hens(6,7,8). However, a quantitative rela- 
tionship between dietary level of nicarbazin 
and resultant decrease in shell porphyrins has 


* The author wishes to thank Dr. C. C. Porter and 
H. Fink, of Merck & Co., Inc. for DNC analysis of 
red blood cells. 


not been established. Also, it is not known 
whether nicarbazin, of which DNC is the ac- 
tive component(9), prevents deposition of 
shell protoporphyrin by inhibiting protopor- 
phyrin synthesis. 

Methods. Hens which lay brown eggs, 
New Hampshires and Crossbreeds, were kept 
in single cages of 3-deck batteries and housed 
in air-conditioned room at 72 + 2°F. Medi- 
cated rations were prepared by adding nicar- 
bazin to open-formula breeder diet used as 
basal ration. All rations were fed ad lib. A 
value for egg shell porphyrin concentration 
was established for each hen by averaging val- 
ues for all egg shells laid during 5-day period 
prior to feeding experimental diets. This 
value served as control to which subsequent 
values, obtained while hens were on medica- 
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tion, was compared. Egg shells were prepared 
for porphyrin analysis by washing under tap 
water to remove adhering egg white, then air- 
drying 24 hours. The entire shell(s) was 
ground in mortar and 1 g samples, in dupli- 
cate, were weighed into 40 ml centrifuge tubes. 
Shell samples were dissolved by adding 20 ml 
of 2:1 5% HCl-95% ethyl alcohol. Then the 
tubes were centrifuged for 3-4 minutes to spin 
down pieces of shell membrane. Into a test 
tube containing 5 ml of 2:1 acid-alcohol, 5 ml 
of supernatant were. pipetted and the con- 
tents of tube thoroughly mixed. An aliquot 
was read in Beckman DU spectrophotometer 
against a blank of acid-alcohol at 410 my, 
and at 382 and 432 my to obtain a corrected 
optical density. Protoporphyrin concentra- 
tions were calculated from corrected density 
values using extinction coefficient (E{}% ) of 
4900(10). Nicarbazin was tested for its abil- 
ity to inhibit porphyrin synthesis by deter- 
mining, im vitro, amount of porphyrins 
formed in 24 hours by tissues using ALA as 
substrate(4), and by determining erythrocyte 
porphyrin formation induced by _ repeated 
bleeding(11) of normal and _ nicarbazin 
treated hens. Heparin was used as anticoagu- 
lant for blood samples. Each sample was 
centrifuged 15 minutes at 3000 rpm in 40 
ml centrifuge tube. Plasma was removed and 
discarded. Red blood cells were washed twice 
with 15 ml of 0.9% NaCl, and then 5 ml of 
the cells were pipetted into 40 ml centrifuge 
tube. To this were added 10 ml of distilled 
H2O, the tube capped, and the contents mixed 
by vigorous shaking. During next 30 minutes, 
the tube was occasionally shaken. Then por- 
phyrins were taken up by 5 extractions with 
15 ml 4:1 ethyl acetate-glacial acetic acid. 
Subsequent fractionation of porphyrins from 
ethyl acetate-glacial acetic acid was _per- 
formed by the method of Dresel and Falk 
(10). DNC was determined in egg yolk by 
the method of Porter(12), and hemoglobin in 
red cells by the method of Schultze and Elveh- 
jem(13), using a photovolt colorimeter. 
Results. Exp. 1. The time to produce 
maximum depigmentation of egg shells was 
established by feeding 0.005 and 0.010% ni- 
carbazin for 8 days to 2 groups of hens (5 
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FIG. 1. Relationship between % decrease in shell 

porphyrin concentration, Y, and the log % nicar- 

bazin content of feed, X, fed to hens laying brown 

eggs. Y = 215.95 + 85.56X. Fifty hens on experi- 
ment. 


hens/group). Shell protoporphyrin concen- 
trations decreased from 85 to 35 y/g at 
0.005% (a decrease of 58%), and from 59 to 
17 y/g at 0.010% nicarbazin (a decrease of 
71%) in about 5 days of medication. No 
further significant change in shell protopor- 
phyrin concentration occurred after day 5. 

A dose-response curve was established by 
feeding graded levels of nicarbazin to hens 
for 10 days. Shell porphyrin concentrations 
of eggs laid during 5th to 10th days were aver- 
aged and the value compared to concentra- 
tions in shells laid prior to medication. A 
linear relationship, Y = 251.95 + 85.56X, 
was obtained between log % nicarbazin, X, 
and % decrease in shell porphyrin concentra- 
tion, Y (Fig. 1). Confidence limits at 0.01 
probability were calculated (n = 50, std. dev. 
= 10.24) and defined in Fig. 1 by dashed 
lines. 


Exp. 2. Hens fed 0.0125% nicarbazin were 
sacrificed on 10th day of medication. Homo- 
genates prepared from tissues of various seg- 
ments in reproductive tract and from area 
adjoining yolk stalk in the intestine showed no 
significant effect from nicarbazin treatment in 
their capacity to form porphyrins in vitro. 
However, significant differences in rates of 
formation were noted among tissues (Table 
I). Thus, mean rates of porphyrin formation 
with standard error were calculated for each 
tissue ignoring treatment effect, and compared 
using uterine rate as 100%. Only isthmian 
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TABLE I. Porphyrins Formed Jn Vitro from ALA at 1 X 10“ by Tissues from Laying Hens 
Fed Diets with or without 0.0125% Nicarbazin. Hens on medicated diets laying shells with 75% 


less porphyrin at time of sacrifice. 


Porphyrins formed in vitro—y/100 mg tissue/24 hr 


% of uterine 


Tissue Control .0125% niearbazin Mean + S8.E. capacity 
Membrane of developing (2)* 45.7 (3) 59.3 (5) 538.8+ 6.0 30.3 
follicles 
Ovary, less follicles >.5g¢ (2) 35.6 (3) 44.0 (6). 40.7 = 3:1 23.0 
Magnum (2) 118.2 (3) — 90.9 (5) 1018+ 8.3 57.4 
Isthmus (2) 164.3 (3) 165.7 (5) 165.2 + 18.8 93.2 
Uterus (2) 201.1 (3) 161.4 (5); -177.3' 35 16:8 100.0 
Middle intestine (2) 101.8 Pe) eee) (5) 894+ 6.2 50.4 
Analysis of variance: 
Source of variation df. Mean Sa. 
Treatment 1 821.7 
Tissue 5 15,856.7t¢ 
Remainder 23 648.8 
* No. hens. tO. 
portion of oviduct had capacity similar to groups. Red blood cells from hens fed nicar- 


uterus. Additional data indicated that in vitro 
rate of porphyrin formation by uterine tissues 
from 4 hens fed 0.020% nicarbazin was simi- 
lar to rate of tissues from 10 controls, 169.3 
+ 14.6 vs. 177.9 + 14.6 y/100 mg tissue/ 
24 hours, respectively, even when incubations 
were done in presence of DNC in suspension 
at 1 x 10°M (166.1 + 14.6). 

Exp. 3.  Erythropoiesis induced by re- 
peated bleeding of laying hens results in in- 
creased formation of copro- and protoporphy- 
rin by red cells im vivo(11). Hens were fed 
0.020% nicarbazin for 10 days, then these 
hens and nonmedicated hens were bled 3 
times at 72-hour intervals. At each bleeding, 
approximately 40 ml of blood were removed 
from the brachial vein. Red cells showed in- 
crease in copro- and protoporphyrin content 
in both treated and non-treated hens (Table 
II). Hemoglobin levels averaged 9.0, 7.7, 
and 7.5 g % for control hens at each bleeding, 
and 9.5, 7.5, and 8.8 g % for hens fed 0.020% 
nicarbazin. Feed intake was similar for both 


bazin contained more DNC than plasma. 
Also, DNC was found in control red cells kept 
overnight in the cold with plasma from medi- 
cated hens (Table III). Thus, DNC entered 


TABLE III. 4,4’-Dinitrocarbanilide (DNC) Con- 
tent of Plasma and Red Blood Cells from Hens Fed 


Nicarbazin. 
DNC—+/100 ml* 
Diet Hens Plasma RBC 
.010% niearbazin 4 54 60 
020% + 4 107 232 


Pooled samples: Overnight in cold 


Treated plasma + control RBC 
Control « + treated ” 


54 
82 


* Corrected for interfering substances in control 
solutions. 


the erythrocytes and also diffused out. 
Discussion, Egg shell protoporphyrin de- 
position is decreased by feeding nicarbazin to 
hens. Dose-response curve is linear between 
dose levels of 0.002 and 0.010% when data 
are plotted as % decrease in shell porphyrin 


TABLE II. Porphyrin Content of Red Blood Cells of Hens Undergoing Repeated Bleeding at 
72-Hr Intervals. Approximately 40 ml of blood removed at each bleeding. Medication initiated 
in treated hens 10 days prior to first bleeding. 


Coproporphyrin, 7/100 ml RBC 


Protoporphyrin, y/100 ml RBC 


No. Bleeding Bleeding 
Diet hens Ist 2nd 3rd Ist 2nd 3rd 
Control 3 2.7+.18 11.2+1.4 146+1.7 55.14 7.2 76.7416.8 163.1 + 32.3 
.020% niear- 3 4.6.95. 1102 214 14.7 + 1.8 87.8 +22.0 147.44 20.9 233.5 + 32.6 


bazin 
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vs. log % nicarbazin in diets. Minimum con- 
centration of the drug in the feed which pro- 
duced a significant change in protoporphyrin 
deposition was 0.0015% (15 ppm) as com- 
pared to values reported by others(7,8) of 
0.003-0.005% (30-50 ppm) when judged by 
perceptible change in shell color. 


Glandular tissues from the isthmus and 
uterus of hens laying brown eggs have an 
equal capacity to transform ALA to porphy- 
rins, im vitro, but a greater capacity than do 
tissues from other segments of the reproduc- 
tive tract. This greater in vitro capacity ap- 
pears to reflect the ability of these 2 segments 
to act as sites for protoporphyrin deposition 
in the shell membrane (isthmian segment) and 
on the shell (uterine segment). The ability 
of magnum and follicle tissue to form porphy- 
rins in vitro requires further elucidation, par- 
ticularly as protoporphyrin tissue segments 
(meat spots) found in egg white(14) have 
not been excluded as originating from the 
magnum. 


Decreased deposition of shell porphyrin 
caused by feeding DNC to hens does not ap- 
pear to result from inhibition of porphyrin 
synthesis: 1. Tissues from hens which were 
fed high levels of nicarbazin formed as much 
porphyrin from ALA, in vitro, as did tissues 
from control birds. This suggests that DNC 
does not inhibit porphyrin formation from 
ALA. 2. Of greater importance is the fact 
that DNC did not inhibit porphyrin forma- 
tion by erythrocytes in medicated hens, even 
though DNC was found in these erythrocytes. 
Also, concentration of hemoglobin in blood 
of treated hens was comparable to that in 
control hens at the onset, and during medica- 
tion. 3. Hens which lay white eggs have 
considerably less porphyrin in their excreta 
than hens which lay brown eggs, and nicar- 
bazin does not alter the amount of either co- 
pro- or protoporphyrin in the excreta of 
brown egg laying hens(15). 

Although it is possible that shell porphyrins 
may originate via a pathway other than the 
proposed glycine-succinate cycle(2), this ap- 
pears unlikely in view of the large capacity of 
uterine glandular tissue to form porphyrins 
from ALA(4), and our observation that gly- 
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cine-2-C™ injection into hens results in C'- 
labelled shell protoporphyrin. 

Summary. Feeding nicarbazin to laying 
hens resulted in less protoporphyrin on their 
egg shells. The decrease varied in proportion 
to dietary intake and a linear response was 
obtained between dietary levels of 0.002- 
0.010% nicarbazin. Tissue homogenates of 
follicular membranes, magnum, isthmus, 
uterus, and small intestines from laying hens 
catalysed the formation of porphyrins from 
ALA. Homogenates of isthmus and uterus 
were more potent than those of other tissues 
examined. Tissues from medicated hens 
formed as much porphyrin from ALA as those 
from nonmedicated hens. Erythrocyte-por- 
phyrin formation induced by repeated bleed- 
ing was not inhibited in medicated hens which 
were laying eggs with shells containing 75% 
less porphyrin than controls. These data 
suggest that decreased deposition of shell pro- 
toporphyrin caused by feeding nicarbazin does 
not result from inhibition of porphyrin syn- 
thesis. 
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Effect of Human Growth Hormone on UFA and Plasma Amino Acid 


Nitrogen in Man. 


(24748) 


Howarp R. EnceEt, D. M. BerceNnstat, WILBERT E. NIxon AND James A. PATTEN 
(Introduced by R. Hertz) 
Dept. of Health, P.H.S., Natl. Cancer Inst., Bethesda, Md. 


Growth hormone is known to have a marked 
effect on fat metabolism especially on increas- 
ing lipid concentration in the liver, as has been 
shown by Greenbaum ef al.(1,2,3), Weil(4), 
and Beaton and Curry(5). It has recently 
been shown by Engel ef al.(6) that growth 
hormone increased plasma unesterified fatty 
acid (UFA) levels of hypophysectomized rats 
even though these animals have been fed. Ra- 
ben and Hollenberg(7) (in an abstract) have 
reported that human growth hormone given 
intravenously to normal individuals will dou- 
ble plasma UFA in 4 hours. Human growth 
hormone maintained an increased UFA level 
for 24 hours in hypopituitary individuals and 
for a shorter interval in normals(7). This 
study was undertaken to determine the effects 
of intravenous growth hormone on plasma 
UFA and alpha amino acid levels of cancer 
patients some of whom had been hypophysec- 
tomized. 

Methods. The 8 patients in this study all 
had malignant neoplasms. Four patients had 
undergone hypophysectomy in an effort to 
control the spread of their malignant disease. 
In all cases the hypophysectomies were func- 
tionally complete as shown by low thyroid 
and adrenal function and absence of urinary 
gonadotrophin and the patients were on main- 
tenance compound E or F and triiodothyro- 
nine. The hypophysectomized patients used 
posterior pituitary powder by nasal insuffla- 
tion ad lib., to control symptoms of diabetes 
insipidus. Patient D.A. was studied prior to 
surgery as well as a month after a pituitary 
stalk section, at which time she was on main- 
tenance Compound E and posterior pituitary 
powder. Three patients had normal pituitary 
At onset of study the medication 
schedule of patients on replacement therapy 
was arranged so that they received their medi- 
cations at the same time each day. At 9:00 
p.m. before each study, the patient was given 
a “milk-shake.” From midnight until termi- 


nation of study at about 2:00 p.m. the follow- 
ing day, they were allowed only water. At 
8:00 a.m. on first day of study, patient’s blood 
was drawn and 20 cc of normal saline was in- 
jected. Blood samples were obtained at 1 hr, 


_ 2 hrs, 4 hrs, and 6 hrs post-injection. Sodium 


ethylene diaminetetra-acetate (EDTA) . was 
used as anticoagulant in UFA studies and 
heparin for alpha amino acid nitrogen deter- 
minations. The above procedure was re- 
peated after skipping 1 day except that the 
patient received 10 mg human growth hor- 
mone intravenously in a 5 minute period at 
8:00 am. The preparation was made by 
Dr. C. H. Li of University of California and 
was in an alkaline solution at pH 8.5. Un- 
esterified fatty acids were determined by the 
method of Gordon(8). Alpha amino acid 
nitrogen was determined by the method of 
Frame e¢ al.(9,10) and blood sugar by the 
method of Klendshoj(11). 

Results. All but one patient given growth 
hormone showed a significant elevation of 
plasma UFA after injection of growth hor- 
mone (Fig. 1). The patient who did not re- 
spond had normal pituitary function and was 
the most severely ill patient in the group. 
Table I shows percentage change between 
average values of the 4-6 hour periods and 0-1 
hour periods in UFA and alpha amino acid 
nitrogen during control test and growth hor- 
mone test. There is a significant (p<.001) 
rise in UFA after growth hormone. A down- 
ward trend is observed in alpha amino nitro- 
gen. This held true in all cases except 2 
(Table II). Blood sugar determinations 
showed no consistent changes and serum phos- 
phorus determinations failed to show signifi- 
cant change. 

Discussion. Our data indicate that growth 
hormone has a definite effect on mobilization 
of UFA in individuals with and without in- 
tact pituitary glands. Furthermore, it ap- 
pears that the downward trend of alpha amino 


&-© Hypox Response io GH. 
*—* Normal Response to GH we 
m—= AV. of Controls 


UFA. mEq/LITER 


TIME - HOURS 


FIG. 1. Change in UFA in normal and hypophysee- 

tomized patients. Stippled area represents limits 

of control tests. Growth hormone was given at zero 
time. 


acid nitrogen may indicate a sparing effect on 
alpha amino acids by growth hormone. This 
correlates well with the “protein sparing” ef- 


TABLE I. Percentage Change between Average 

Values of 4-6 Hour Periods and 0-1 Hour Periods 

in the UFA and Alpha-Amino Acid Nitrogen dur- 
ing Control Test and Growth Hormone Test. 


Alpha-amino 
UFA, % change acid, % change 
—— (Avg 4, 6 hr/avg 0, 1 hr) ——_, 


‘ 


Patient Control HGH Control HGH 
Normal 105 196 115 76 
106 333 103 78 
136 210 90 97 
141 280 105 90 
Post-hypox 90 980 90 84. 
205 812 122 56 
185 567 102 89 
120 404 100 71 
104 470 LS 122 
Avg 132 474 104 85 
p <.001 epee 00) 


TABLE II. Effect of Growth Hormone on Plasma Amino Acid Nitrogen. 


Metaporic Errect oF GROWTH HORMONE 


i 


“et 


fect of growth hormone postulated by Green- 
baum(1,2) and Beaton and Curry(5). 
Length of time required for this action to 
manifest itself (4-6 hours) coincides with 
Greenbaum’s(2) animal work in which a 
maximal increase in plasma and hepatic lipids 
occurred 6 hours after growth hormone injec- 
tion. 

The mechanism of this delayed response of 
UFA to growth hormone is not readily dis- 
cernible. Since Gordon(8,12) and Dole(13) 
have shown that insulin and epinephrine have 
an immediate effect on plasma UFA levels it 
would appear that the maximum effect of | 
growth hormone on UFA levels requires a 
somewhat longer period and may require for- 
mation of some intermediate compound to ac- 
tivate these responses. Another possible ex- 
planation would be the slower development 
of insulin resistance which could produce these 
effects. This response to a single dose of 
growth hormone makes possible determination 
of activity of a growth hormone preparation 
in a patient known to respond to human 
growth hormone, and also to determine 
whether an individual will respond to a 
known active hormone preparation. Thus it 
is seen that growth hormone effects the liber- 
ation of UFA and concomitantly appears to 
spare alpha amino acids. 

Summary. These studies reveal that intra- 
venous injection of human growth hormone 
to both hypophysectomized and normal in- 
dividuals cause an increase in plasma unes- 
terified fatty acids 6 hours after injection. 
Also that level of plasma alpha amino acid 
nitrogen drops 4-6 hours after injection of 
growth hormone. Both fat-liberating and 


Plasma a-amino acid nitrogen, mg % 


Control —————_,, 


ae —— Growth hormone———_, 

Patient 0 hr 6 hr A-6 hr pd Ohr 6 hr A-6 hr pd* 
Normal 5.10 5.07 .03 6.01 4,22 —1.79 
3.97 3.63 34 6.42 6.05 — 1.37. 
3.27 3.22 .05 3.44 2.97 — AT 
1.69 1.30 .39 3.64 2.99 — .65 
Post-hypox 5.80 5.32 48 5.33 4.24 —1.09 
3.63 3.85 + .22 3.97 4.90 + .53 
3.78 5.07 +1.29 3.25 2.34 — .90 
3.10 2.80 30 2.93 2.41 — 52 
3.34 3.65 + 31 3.54 2.40 —-1.14 


* Changes in amino acid nitrogen from 0 time to 6 hr post inj. of hormone. 


vers 


2 


— 


protein sparing” effects of human growth 
hormone in man are demonstrated. 


The authors acknowledge the assistance’ of Dr. 
M. B. Lipsett, Dr. Roy Hertz, Mr. Sidney Sigel and 


_ Mrs. Olga Collier. 
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Studies on Mammalian Tyrosinase. II. Chemical and Physical Properties 
Of Fractions Purified by Chromatography.* (24749) 


F. CHRISTINE BRownt AND DARRELL N. WarpD 
(Introduced by A. Clark Griffin) 
Dept. of Biochemistry, University of Texas M. D. Anderson Hospital and Tumor Inst., Houston 


Our recent reports have dealt with isolation 
of tyrosinase from Harding-Passey mouse mel- 
anoma(1) and with its purification on diethyl- 
aminoethyl (DEAE) cellulose ion exchange 
columns(2). At least 3 chromatographically 
distinct components with tyrosinase activity 
were detected and designated I, II and III 
in the order of movement on and emergence 
from the column(2). It is the purpose of this 
paper further to describe highly purified mam- 
malian tyrosinase in respect to some of its 
chemical and physical properties, and to re- 
port a rapid purification procedure using hy- 
droxyapatite ion-exchange columns. 

Methods. The highly purified tyrosinase 
samples used in this study were prepared by 
column chromatography using DEAE cellu- 
lose(2) or hydroxyapatite as the ion-exchange 
agent. Hydroxyapatite, prepared according 
to Tiselius et al.,(3), has been found to re- 
move most of the impurities present in crude 


fractions of soluble mammalian tyrosinase (1) 


* This investigation was supported by a Nat. Can- 


cer Inst. Grant. 
+t Present address: Univ. of Tennessee, Dept. of 


Psychiatry, Gailor Psychiatric Hosp., Memphis. 


without adsorption of the enzyme. For these 
studies 1 x 11 cm, or, for preparative scale, 
2.2 x 13 cm columns have been employed. 
Initially, developmert was started with pH 6.8 
phosphate buffer, 0.001 M, followed by gradi- 
ent elution to concentrations of 0.5 M phos- 
phate buffer, pH 6.8. After it became clear 
that most of the tyrosinase activity passed 
through the column without absorption, sim- 
ple elution with starting buffer, pH 6.8, 0.001 
M, was utilized. Protein in effluent fractions 
was analyzed by the Folin-Lowry reaction 
(4). Tyrosinase activity was detected as pre- 
viously described(2). After location of tyro- 
sinase activity, fractions were combined, dia- 
lyzed from 4 to 6 hours in the cold, and lyo- 
philized. Specific activity was determined on 
dried material as previously reported(2). 
Nitrogen for this calculation was estimated by 
the method of Schaffer and Sprecher(5). 
Ultracentrifuge studies were carried out on 
solutions of tyrosinase in pH 6.5, 0.05M caco- 
dylate buffer. Aliquots containing 1.18 and 
2.25 mg of protein nitrogen/ml were placed in 
the Spinco model E ultracentrifuge and sub- 
jected to centrifugal forces of 260,000 x g. 
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Photographs were made at 16 and 32 minute 
intervals over periods up to 5 hours. Copper 
was determined on wet-ashed samples of 
highly purified tyrosinase colorimetrically, 
using diethyldithiocarbamate as prescribed by 
Gubler ef al.(6). Ashing was accomplished 
by digesting aliquots of tyrosinase with sul- 
furic acid at 450° in a sealed tube(5). Re- 
covery of copper which had been added to 
protein solutions was 89-94% effective by this 
procedure. The per cent copper contained in 
tyrosinase was estimated on the basis of dry 
weight determined on aliquots placed in 
weighing vessels and dried to constant weight 
ina 110° oven. Hydrolysis of material (puri- 
fied by either hydroxyapatite or DEAE-chro- 
matography, then dialyzed 6 hours in the 
cold) was carried out with 6N-HCl in sealed 
tubes at 110°C for 16 hours. Aliquots equiva- 
lent to 0.4 to 0.6 mg protein were chromato- 
graphed on Whatman #1 paper with butanol: 
formic acid: H,O (75:15:10) then lutidine: 
H,O (60:40). Amino acid spots were de- 
tected by spraying with ninhydrin. Identifi- 
cation of individual amino acids was by com- 
parison with chromatograms of known amino 
acid mixtures. 
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FIG. 1. Chromatography of 24 mg of tyrosinase 
“*R,’?(2) on hydroxyapatite ion exchange agent in 
1 X 11 em column, Collection after one hold-up 
volume (9 ml), 2 ml fractions. OQ—©O Tyrosinase 


assay on 0,1 ml aliquots in terms of melanin pro- 
duced after incubation with 1 mg of 3,4-dihydroxy- 
phenylalanine (dopa) in 3 ml pH 6.8 buffer for 45 
min. O.D. measured at 400 my, Coleman spectro- 
photometer. In area under jagged line, melanin 
precipitated from assay reaction mixtures. @—@ 
Folin-Lowry reaction(4) on 0.2 ml aliquots meas- 
ured at 700 my. A. 0.001 m phosphate buffer, pH 
6.8. B. Gradient to 0.1 M phosphate buffer, pH 
6.8 through a 50 ml mixing chamber. 
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Results. Fig. 1 shows the results obtained 
when 24 mg of crude tyrosinase preparation 
“R,”(1) was placed on a hydroxyapatite col- 
umn and subjected to gradient elution. A 
highly active tyrosinase peak came through 
the column after one hold-up volume of ap- 
proximately 9 ml, whereas most of the protein> 
impurities were adsorbed to the ion-exchange 
agent. Specific activity of the material in the 
active peak was 100 units/mg nitrogen which 
represents a 40 to 50-fold purification of tyro- 
sinase from tumor homogenates(1). In re- 
peated experiments, 70% of the activity 
placed on the column was recovered. 


Using a larger column (2.2 x 13.5 cm) and 
a larger quantity of starting material (950 
mg), a chromatogram similar to Fig. 1 was 
obtained. Considerable protein and a brown- 
colored material which had slight tyrosinase 
activity could also be eluted with 0.5 M phos- 
phate buffer at pH 6.8. 


An attempt was made to characterize ma- 
terial analogous to the tyrosinase peak shown 
in Fig. 1 with respect to its behavior on DEAE 
cellulose, using a column (1 x 67 cm) contain- 
ing 6 g of DEAE with a hold-up volume of 
30 ml. The material (103 mg), after dialysis 
and lyophilization, was put on the column in 
0.005 M, pH 6.0 phosphate buffer. Gradient 
elution was performed through a 50 ml mixing 
chamber at room temperature. Eluting phos- 
phate buffers ranged from 0.005 M to 0.12 M 
and from pH 6.0 to 8.0. Fig. 2 shows that 
active material which was not adsorbed to 
hydroxyapatite (Fig. 1) was resolved into 
component II and III by chromatography on 
DEAE(2). Component I was apparently re- 
tained by the acidic hydroxyapatite. As pre- 
viously mentioned, a crude active fraction, 
probably component I, was eluted from the 
hydroxyapatite with 0.5 M phosphate buffer 
at pH 6.8. This fraction was not studied on 
DEAE, since the activity was too small. 


Solutions of tyrosinase containing 1.18 to | 
2.25 mg of protein nitrogen per ml of caco- J 
dylate buffer were subjected to centrifugation 
at 260,000 x g. Previous preparation of sam- | 
ple had involved dialysis for a period of 6 | 
hours on a rocking dialysis apparatus. <A sin- | 
gle small peak was observed, but some ma-_ 
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FIG, 2. Chromatography of partially purified ty- 


rosinase on DEAE cellulose ion exchanger (6 g in 
a column 1 X 67 em), Material applied to column: 
105 mg of active fraction obtained after chroma- 
tography on a hydroxyapatite column as in Fig. 1. 
Collections after one hold-up volume (30 ml), 2.5 
ml fractions. C—O Tyrosinase assay on 0.2 ml 
aliquots in terms of melanin produced after incu- 
bating with 1 mg dopa in 3 ml, pH 6.8 buffer for 
30 min. O.D. measured at 400 my, Coleman spec- 
trophotometer. @—@ Folin-Lowry(4) reaction on 
0.1 ml aliquots measured at 700 my. A. 0.005 mM 
phosphate buffer, pH 6.0, plus 0.05 m NaCl. B. 
0.05 « phosphate buffer, pH 8.0, with gradient to 
0.08 m phosphate, pH 8.0, through a 50 ml mixing 
chamber. C. Gradient change to 0.12 m phosphate, 
pH 8.0. Tyrosinase emerging at 105 to 140 ml ef- 
fluent is equivalent to Component II; that emerg- 
ing at 180 to 250 ml effluent equivalent to Com- 
ponent IIT of earlier studies(2). 


terial did not sediment. After 5 hours of cen- 
trifugation, the upper two-thirds of the cell 
contents were carefully withdrawn with a 
needle, and upper and lower fractions were as- 
sayed for tyrosinase activity and nitrogen 
content. All activity and 86% of protein 
nitrogen had been sedimented to the bottom 
of the cell. Thus the purity was probably no 
better than 86%. 

Copper determinations were carried out on 
various fractions obtained from tumor homo- 
genates of mouse melanoma, and on highly 
purified samples. Previous to copper analyses, 
preparations were dialyzed for 96 hours 
against 250 ml of glass-distilled H2O in seam- 
less cellulose tubing which had been washed 
with several changes of glass-distilled water 
previous to use. At the end of this time, cop- 
per and nitrogen content of material inside 
the bag was analyzed and the tyrosinase ac- 
tivity measured, Results are shown in Table 
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I. The value of 0.25% for purified fractions 
is comparable with values obtained for plant 
tyrosinase(7). However, 95% of the activity 
and 60% of the nitrogen which had been 
placed in the dialysis sack was lost in the case 
of the highly purified tyrosinase fractions. 
Nitrogen determinations on lyophilized dia- 
lyzate indicated that nitrogenous material had 
passed through the sack. The dialyzate also 
gave a strongly positive response to Folin- 
Lowry reagent. Neither the material inside 
the dialysis bag, the concentrated dialyzate, 
nor mixtures of the 2 were active. Addition 
of copper to the assay vessels had no reacti- 
vating effect. Lack of material has prevented 
further experiments to determine the reason 
for loss of activity under these conditions. 
With such an inactivation one cannot decide 
whether the measured copper content of the 
preparation is an integral part of the enzyme. 

Qualitative amino acid analyses on highly 
purified tyrosinase samples showed presence 
of the following amino acids: leucine and/or 
isoleucine, valine, alanine, proline, glutamic 


and aspartic acid, lysine, glycine, threonine, 


serine, and cysteic acid. The latter was prob- 
ably due to oxidation of cystine during hy- 
drolysis. Very slight traces of phenylalanine, 
tyrosine, methionine, arginine and _ histidine 
were present. The presence or absence of 
tryptophan could not be evaluated. The low 
content of aromatic amino acids is consistent 
with observations that tyrosinase has a low 
specific absorption at 280 mpu(2). No quali- 
tative difference in amino acid content of dif- 
ferent tyrosinase active components obtained 
from DEAE(2) was detected. Since the ul- 
tracentrifuge study indicates our best prepa- 


TABLE I. Copper and Nitrogen Content of Mam- 
malian Tyrosinase Preparations after Prolonged 


Dialysis. 
Dry wt, Copper, Copper, Nitrogen, 
Sample mg ug % % 
Tumor homog- 4.08 8 02 11.5 
enate* 
R,* 3.61 3.25 .09 18.3 
Component IIt — .45 1.75 22 
‘ 0 LW pe) 1.55 25 12 


* For preparation of R, from crude homogenates 
of Harding-Passey Mouse Melanoma see reference 
(1). 

+ Component IT and IIT, Fig. 2, 


704 


rations are still impure, the important obser- 
vation is the virtual absence of certain amino 
acids since some of the amino acids detected 
must have been derived from impurities. The 
very low content of tyrosine probably ac- 
counts for the low Folin-Lowry color obtained 
in the area of tyrosinase activity in Fig. 2. 


Summary. A procedure for obtaining a 50- 
fold purification of mammalian tyrosinase on 
hydroxyapatite has been described. Various 
highly purified samples of tyrosinase have 
been studied in the ultracentrifuge. The 
preparations were not homogeneous. The per 
cent of copper present in highly purified frac- 
tions was shown to be 0.22 to 0.25%, al- 
though it cannot be concluded this is an 
integral part of the enzyme, since pro- 
longed dialysis inactivates the enzyme 
and the addition of copper did not re- 
store the activity. Qualitative analysis for 
amino acids by paper chromatography indi- 
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cated leucine and/or isoleucine, valine, ala- 
nine, proline, glutamic and aspartic acid, ly- 
sine, glycine, threonine, serine, and cysteic 
acid (probably from cystine) were present in 
significant amounts. Traces of phenylala- 
nine, tyrosine, methionine, arginine, and histi- 
dine were also present. 
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A knowledge of properties and structure of 
serum lipoproteins is important for under- 
standing of their physiological functions. Dur- 
ing recent years there have been efforts to 
relate certain lipoprotein classes to the patho- 
genesis or prediction of atherosclerosis. So 
much controversy has arisen that it is impera- 
tive that extensive studies of lipid-protein 
complex be carried out to clarify their struc- 
tural relationship to their function. Lipid 
composition and distribution of serum lipopro- 
teins have been studied extensively(1). How- 
ever, relatively little work has been done on 
protein moiety of these lipoproteins. The 
protein portion of lipoproteins may be studied 
while combined with lipid(2) or following re- 
moval of the lipid fraction(3). Extraction of 
serum lipoproteins with ether removes a high 

* Research supported by Clayton Fnd. for Research, 
Houston, Texas. 

+ Research trainee, USPHS, 


percentage of triglycerides and cholesterol, 
but considerable phospholipid remains unex- 
tracted. Almost complete removal of all lipid 
materials may be achieved with extraction of 
lipoproteins with ether-alcohol mixtures(2). 
In the present work lipoprotein fractions from 
various sources were extracted with ether, and 
properties of nonextractable material studied. 

Methods and materials. 1. Extraction of 
low density lipoproteins with ether. Lipopro- 
teins from various sources were prepared by 
the method of Gofman, Lindgren, and asso- 
ciates(1,4) as follows: Lipoproteins of density 
less than 1.063 g/ml were obtained by pre- 
parative ultracentrifugation in Spinco Model 
L Ultracentrifuge at 30,000 rpm for 24 hrs. 
Three volumes of serum were mixed with 6 
volumes of sodium chloride solution of density 
1.0918 g/ml to final density of 1.063 g/ml. 
After preparative ultracentrifugation, the top 
ml of solution was removed as lipoprotein 
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" fraction. Two more fractions of lower den- 
_ sity lipoproteins (density less than 1.006) 
were collected. Normal fasting serum was 
_ centrifuged at 30,000 rpm for 3 and 24 hours, 
and lipoprotein in top ml of each sample re- 
moved. After collection of each of above lipo- 
protein fractions, they were again centrifuged 
at 30,000 rpm for 24 hrs to remove any trace 
of albumin. In addition to fasting serum, 
lipoproteins of density less than 1.063 g/ml 
were obtained from essential hyperlipemic hu- 
man serum, and hypercholesterolemic rabbit 
serum. The preparations of lipoproteins as 
obtained above were dialyzed against dis- 
tilled water for 24 hrs at 4°C. Ascorbic acid 
(0.5%) was added to both compartments to 
prevent extensive oxidation of lipoprotein 
preparations(5). After dialysis, the solutions 
were added dropwise to 10 volumes of ether 
at -10°C with stirring. Temperature was 
increased to —2°C to 3°C, and the solution 
extracted for 12-16 hrs with constant agitation 
of the mixture. After extraction, the ether 
phase and any precipitated material were re- 
moved from the aqueous solution, and the lat- 
ter lyophilized. Analytical ultracentrifuga- 
tion was carried out on lipoproteins and ether 
modified lipoprotein preparations in Spinco 
Model E Analytical Ultracentrifuge. Paper 
electrophoresis was performed on Spinco 
Model R apparatus, and paper strips were 
stained for lipid with oil red O(6) and for 
protein with bromphenol blue. Cholesterol 
content and lipid phosphorus were determined 
on low density lipoproteins before and after 
ether extraction. Tyrosine-tryptophane ratio 
was determined for ether modified material. 
Protein concentrations were determined by 
biuret method employing bovine albumin as 
standard. 2. Incubation of serum with cho- 
lesterol-4-C14.  One-tenth ml of normal fast- 
ing serum was incubated at 37°C for 24 hrs 
with 0.5 microcurie of cholesterol-4-C*. The 
same incubation procedure was carried out 
with 1/10 ml of serum from patient with es- 
sential hyperlipemia. After incubation, 30 
pl of incubation mixture were subjected to 
paper electrophoresis (on Spinco filter paper 
strips, S and S-2043). The paper strips were 
stained for protein and lipid and one strip was 
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yh Grate races re patterns of var- 
ious lipoprotein preparations before ether extrac- 
tion. A, Normal human serum (6<1.063 g/ml). 
B. Normal human serum (6<1.006 g/ml). C. Es- 
sential hyperlipemic human serum (6<1.063 g/ml). 
D. Rabbit hyperlipemie serum (§6<1.063 g/ml). 


exposed to X-ray film for 2 weeks and devel- 
oped to show distribution of radioactivity. 

Results. Extraction of low density lipopro- 
teins with ether. Ultracentrifuge patterns be- 
fore and after ether extraction are seen in the 
following Figures. Fig. 1 shows the pattern 
of various lipoprotein fractions before extrac- 
tion procedures. Fig. 2 shows same prepara- 
tions after ether extraction. Two components 
appear after extraction of normal serum lipo- 
proteins of density less than 1.063 g/ml, a 
major faster moving component, followed by 
a minor component which undergoes only 
slight sedimentation at 259,700 x g. The ex- 
traction product of lipoproteins of density less 
than 1.006 g/ml prepared at 30,000 rpm for 
24 hr shows reduction of faster moving com- 
ponent, and after 3 hr only the component 
with slight sedimentation remains. The ether 
extraction product from lipoproteins of den- 
sity less than 1.063 g/ml for the case of es- 
sential hyperlipemia, shows only the slow 
moving component, and rabbit lipoproteins 
show predominance of the same component, 
with only a small amount of the fast moving 
fraction. 


Paper electrophoresis studies were per- 
formed on lipoprotein fractions before and 
after ether extraction. A_ single electro- 
phoretic component was not seen on paper 
electrophoresis, regardless of preparation. Be- 
fore extractions, all human lipoprotein frac- 
tions moved toward the anode at pH 8.6 with 
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FIG. 2. Ultracentrifugal sedimentation patterns 


of various patterns after ether extraction. A. Nor- 

mal human serum (prepared from lipoproteins of 

6<1.063). B. Normal human serum (from §<1.006 

after 24 hr). C. Normal human serum (from 6 

<1.006 after 3 hr). D. Hssential hyperlipemia 

(from §6<1,063). E, Rabbit hyperlipemia (from 
6<1.063). 


the main component corresponding to beta- 
lipoprotein of normal serum. A trailing-off 
of this major component toward the origin 
was also noted. 
closely corresponds to the ‘chylomicron 
shoulder” noted in normal serum. Intensity of 
lipid and protein stains on lipoproteins paral- 
leled each other closely. After extraction with 
ether a similar protein pattern was noted ex- 
cept for small decrease in migration rate 
toward the anode as compared with normal 
lipoproteins. Lipid stains were all negative 
after extraction with ether. 

Lipoproteins of density less than 1.006 g/ 
ml, prepared for 3 hrs at 30,000 rpm, were 
examined for cholesterol and phosphorus be- 
fore and after ether extraction. Before extrac- 


This trailing phenomenon ° 
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tion the following amounts of cholesterol and 
phospholipid were found: 0.91 g cholesterol/g 
protein and 0.70 g phospholipid/g protein. 
After ether extraction no cholesterol was 
found, but 0.35 g phospholipid/g protein re- 
mained. The tyrosine-tryptophane ratio was 
2.91 moles tyrosine/mole tryptophane. 

2. Incubation of serum with cholesterol-4- 
C', Fig. 3 shows results of incubation of nor- 
mal serum with cholesterol-4-C™. A certain 
portion of radioactivity remained at the origin 
unbound to any protein fraction. The re- 
maining portion of radioactivity appears to be 
bound specifically with lipoprotein fractions. 
The highest intensity of radioactivity corre- 
sponds with the beta-lipoprotein of the lipid 
stained strip. Some radioactivity may also 
be seen in the area of alpha-lipoproteins as 
well as in the “chylomicron shoulder.” The 
hyperlipemic serum also has a great affinity 
for cholesterol-4-C™* (Fig. 4). The intensity 
of radioactivity again closely parallels inten- 
sity of the lipid stain. Neither radioactivity 
nor lipid is seen in the usual region of alpha 
lipoproteins in the case of essential hyperli- 
pemia. 

Discussion. Several workers have applied 
technics of extraction of lipoproteins with or- 
ganic solvents. Avigan(3) has reported that 
extraction of lipoproteins of density 1.019- 
1.063 g/ml with ether produced a single ultra- 
centrifugal and electrophoretic component. 
This component had a density of 1.137 and 
Seo,w Of 12.8. He calculated molecular weight 
of this ether-modified lipoprotein to be 1.51 x 
10°. Scanu, Lewis, and Bumpus(7) recently 
carried out ether-alcohol extraction of high 
density lipoproteins of density 1.063-1.21 
g/ml. They found a product with an 
Soo,w of 4.11, and molecular weight of 75,000. 
This component moved  electrophoretically 
with the alpha lipoprotein in the region of 
alpha, globulin. Thus, electrophoretic mo- 
bility of neither of above extracted lipopro- 
teins was changed from the original lipopro- 
tein preparation. 

Our results indicate that extraction of lipo- 
proteins of density less than 1.063 g/ml with 
ether produces 2 distinct components as indi- 
cated by ultracentrifugal analysis (Fig. 2). 
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FIG. 3. 


Ineubation of cholesterol-4-C* with normal human serum. Electrophoretic patterns. 


Left to right: protein stain, radioactivity, lipid stain. 
FIG. 4. Incubation of cholesterol-4-C™ with hyperlipemie human serum. Electrophoretic pat- 


terns. Left to right: protein, radioactivity, lipid. 


As density of mixture decreased, the propor- 
tion of the faster moving component decreased 
also, and slower moving component increased. 
At 30,000 rpm for 3 hrs, none of the faster 
moving fraction was obtained. This faster 
moving fraction probably corresponds to that 
prepared by Avigan from lipoproteins of 
density 1.019-1.063. This lipoprotein frac- 
tion would correspond to the Sf 0-12 fraction 
of Gofman. Our lower density fractions cor- 
respond to those with flotation values above 
Sf 20. These findings suggest that the pro- 
tein moiety of lipoproteins with lower flota- 
tion values (Sf 0-12) may be different from 
the protein portion of the Sf 20-400 class lipo- 
proteins. 

Considerable interest exists as to interrela- 
tionships between various lipoprotein classes. 
Lindgren and co-workers(8) suggested that 
biological transformation occurs from high Sf 
lipoproteins to lower Sf lipoproteins, 7.e., from 
chylomicron and lipomicron down to and in- 
cluding lipoproteins of the Sf 0-20 class. They 
suggest that low density lipoprotein com- 
plexes are composed of “cores” of lipid sur- 
rounded by high density lipoprotein molecules. 
As triglycerides are removed from the “core” 
of the complex, probably through action of 
the clearing factor, Sf value of lipoprotein 


molecules is progressively decreased. These 
workers also suggest that 2 major classes of 
basic lipoproteins are associated with lipid 
“cores” to give 2 relatively distinct series of 
lipoprotein complexes: Sf 20-10° and Sf 0-20 
class lipoproteins. Conversion of lipoproteins 
from the class above Sf 20 to the class below 
Sf 20 would not occur by loss of lipid ma- 
terial alone, but would require participation 
of another basic component in the chain of 
transformation. Our findings support the 
possibility that the basic units of these 2 
classes of lipoproteins may be separate dis- 
tinct entities. The slower moving ultracentri- 
fuge component appears associated with 
higher Sf classes while the faster component 
would be associated with lower Sf classes. 
The almost complete absence of the compon- 
ent associated with Sf 0-20 lipoproteins in se- 
rum of patient with essential hyperlipemia 
suggests the possibility that a block exists at 
this point in transformation and removal of 
molecules greater than Sf 20. The same pos- 
sibility might exist for rabbits that develop 
markedly hyperlipemic levels so rapidly. 
This paper also presents findings concern- 
ing binding of a lipid material by lipoprotein 
complexes. Previous findings have shown 
that various ionic lipoid substances combine 
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with lipoproteins in vitro(9,10,11). Our work 
shows that cholesterol is also bound with both 
alpha and beta lipoproteins im vitro. The 
mechanism of this combination is not clear at 
the present time, and this could possibly rep- 
resent. an exchange reaction. However, such 
observations suggest an interesting possibility 
that blood levels of various lipid substances 
may be partially determined by binding ca- 
pacity of serum lipoproteins. A substance 
similar to that produced after removal of 
lipids with ether might serve as a basic lipid 
binding material, and quantity of this sub- 
stance present might influence amount of 
lipid bound in the serum. Since little is known 
concerning mechanisms regulating serum lipid 
levels, the possible role of this mechanism 
might deserve further investigation. 
Summary. 1. Extraction of serum lipopro- 
teins of density less than 1.063 g/ml with ether 
produces 2 distinct ultracentrifugal compon- 
ents. One is associated with higher density 
lipoproteins and the other with lower density 
lipoproteins in the density group less than 
1.063. In a case of essential hyperlipemia and 
with hyperlipemic rabbit serum only the moi- 
ety associated with lowest density lipopro- 
teins was present. It would appear that both 
components are necessary in transformation of 
lower density lipoproteins to higher ones. Ab- 
sence of the higher density moiety might result 
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in an accumulation of lipid in lower density 
lipoproteins as occurred in the case of essen- 
tial hyperlipemia and lipemic rabbit serum. 
2. Also, it was demonstrated that both alpha 
and beta lipoproteins bind cholesterol in vitro. 
This finding suggests the possibility that se- 
rum cholesterol levels may partially depend 
upon this mechanism of combination. 
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Plasma Levels, Excretion and Metabolic Disposition of 4-(p-Dimethyl- 


aminostyryl)-quinoline Dihydrochloride in Dogs.*t 
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(With technical assistance of Beverly Waterman) 
Dept. of Pharmacology, University of Michigan Medical School, Ann Arbor 


The efficacy of a series of 4-substituted p- 
aminostyryl quinoline dyes against experi- 
mental carcinomas and lymphomas in rats has 
been demonstrated by Haddow et al.(3) and 
by Hughes, et al.,(4). Bahner(1) has shown 
that 4-(p-dimethylaminostyryl) quinoline di- 


* Portions of these data were presented in abstract 
form in J. Pharmacol. and Exp. Therap., 1958, 122. 
t This work was supported by USPHS Grant. 


hydrochloride (4M20) is among the most ef- 
fective members of the series. The present 
report presents details of a specific, sensitive, 
fluorimetric method for estimation of 4M20 
in biological materials and results of studies 
on plasma levels, excretion and metabolic fate 
of the drug in dogs. 

Methods. Estimation of 4M20 in plasma, 
urine and feces. To 2 ml of plasma, urine, or 


A 


doa 


he 
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TABLE I. Buffer-Ethylene Dichloride Distribu- 
tion Studies of Authentic and rp a Pe 4M20 from 


Dog Plasma. 


% extraction of 


apparent 4M20 % extraction of 
Buffer pH from dog plasma* authentic 4M20* 
1.09 19.4 18.1 
1.24 23.8 23.9 
1.48 33.1 32.9 
1.78 49.0 45.8 
1.99 61.7 61.7 


* Averaged results of triplicate determinations. 

+ Aqueous solutions of authentic 4M20 as well as 
dog plasma from animals receiving 30 mg/kg in- 
trav. were submitted to EtCl, extraction procedure. 
The EtCl, extracts were washed with buffers of 
known pH (determined on line-operated Beckman 
pH meter) and their 4M20 content estimated as 
deseribed under Methods. 


' diluted, homogenized feces in 35 ml glass stop- 


pered centrifuge tubes was added 1 ml of 2 N 
NaOH and 10 ml of ethylene dichloride. The 
mixture was shaken mechanically 30 minutes 
according to the method of Woods e¢ al.(7), 
centrifuged and the aqueous layer removed 
by aspiration. The drug in the ethylene di- 
chloride layer was estimated in the Aminco- 
Bowman Spectrophotofluorometer at activa- 
tion wave length of 415 my» and fluorescence 
wave length of 519 mp. Parallel standards 
were carried through each determination and 
specificity of the method was demonstrated by 
means of buffer-ethylene dichloride distribu- 
tion studies. The method is sufficiently sensi- 
tive to permit accurate estimation of 0.05 pg/ 
ml of solution. Plasma levels, urinary and 
fecal excretion in dogs. A dose of 30 mg/kg 
of 4M20 was administered orally or intra- 
venously to female mongrel dogs weighing ap- 
proximately 15 kg. Samples of plasma and 
urine were collected prior to and after admin- 
istration of the drug. Urine was collected by 
means of indwelling catheter for the first 8 
hours and cage collected thereafter. Chroma- 
tography and characterization of 4M20 me- 
tabolites. Samples of urine, feces, and bile 
were collected from animals which received 
30 mg/kg of 4M20 intravenously. Urine and 
bile in amounts of 0.05 ml were spotted di- 
rectly on paper (Whatman No. 1). An aque- 
ous alcoholic extract of feces was similarly 
spotted on the paper. A solvent mixture of 
n-butanol, acetic acid and water (40, 10, 20) 
was used for development. Chromatograms 
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of known 4M20 added to urine, feces, and 
bile were run simultaneously as controls. For 
separation of larger amounts of the metabo- 
lites, bile from dogs which received 30 mg/kg 
of 4M20 intravenously was spread in uniform 
line on Whatman 3MM paper 1814” x 2414”. 
The solvent mixture used for development was 
the same as that described above. The major 
metabolite isolated in this manner was ex- 
tracted from the paper with three 200 ml por- 
tions of 1:4 mixture of 0.5 N HCl and me- 
thanol. The extract was evaporated to dry- 
ness in hood and dissolved in 50 ml of the 
HCl-methanol mixture. Sufficient acetone 
was added to precipitate any salts present. 
The mixture was centrifuged and the pink su- 
pernatant fluid containing the metabolite was 
decanted and the solvent removed under vac- 
uum. The metabolite was compared to 4M20 
with respect to its solubilities, ultraviolet ab- 
sorption spectrum in methanol, infra red ab- 
sorption spectrum, and the melting point of its 
picrate derivative. 


Results. The results of buffer distribution 
studies (Table I), indicate that the method of 
analysis is specific for unchanged 4M20. The 
results of experiments on plasma levels after 
administration of 30 mg/kg of 4M20, intra- 
venously are shown in Fig. 1. Following ad- 
ministration there was rapid disappearance of 
the drug from the plasma. The levels ranged 
from 1.1 to 2.1 »g/ml of plasma initially and 
were less than 0.1 pg/ml in 5 hours. After 
oral administration of the same dose, the drug 
was barely detectable in plasma. 


14 
UG OF 4M20 
PER ML. OF 
PLASMA 


HOURS 


FIG. 1. Plasma levels of 4M20 after intrav. ad- 

ministration of 30 mg/kg of dihydrochloride salt. 

Figures in graph represent averaged results of 
duplieate determinations. 
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TABLE Ll. Percent of Total Dose of 4M20 Ex- 
creted in Urine and Feces of Dogs after 30 mg/kg 
Intravenously and Orally. 

LV. admin. 
Urine Feces 


Ai Trace* Trace Trace 


” ” ” 


Oral admin. 
Urine Feces 


Dog] 


0 ” 
pod 


* Trace “Detectable on paper chromatograms, 

Urinary and fecal elimination of 4M20 
after 30 me/kg administered intravenously 
and orally is summarized in Table II. Follow- 
ing administration cf the drug by either route, 
less than 0.5% of the dose of the unchanged 
drug was found in the urine. Acid hydrolysis 
of urine did not alter these results signifi- 
cantly. Transient proteinuria was demon- 
strated after intravenous but not after oral 
administration. Only traces of unchanged 
drug were found in feces after intravenous and 
oral administration. 

Paper chromatograms of urine, feces, and 
bile indicated the presence of at least 6 me- 
FADO tes Rite OO LO mnt Smee lees omer S)) 
and traces of unchanged 4M20. These ma- 
terials range from red to yellow in color and 
can be readily detected in very small quanti- 
ties, since they fluoresce intensely under ultra- 
violet light. There is present in urine, feces 
and bile a common major metabolite which 
constitutes approximately 50% of the colored 
materials detectable on paper chromatograms. 

The major metabolite was isolated as the 
hydrochloride salt as described above. — Its 
properties are summarized and compared with 
the properties of the hydrochloride salt 4M20 
in Table III. Infra red analysis of the me- 
tabolite as compared with the spectrum of 
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4M20 indicated the following changes. (a) 
one or more oxidations as indicated by pres- 


3 


a | 


ence of the hydroxyl group, (b) introduction — 


of a hydroxyl group at position 2 which is tau- 


2 


tomeric with quinolone at position 2 (indi- — 


cated by absorption band characteristic for 


C 
Nee eS 
Ni 40 
The possibility of a second oxidation can- 
not be ruled out. Synthesis of the 2-hydroxy- 
4-(p-dimethylaminostyryl) quinoline resulted 
in a product whose properties were quite dif- 
ferent from those of the metabolite, indicating 
that some further change has occurred in the 
molecular structure beyond a simple oxida- 
tion at position 2. Furthermore, the high 
solubility of the metabolite in NaOH as com- 
pared to the insolubility of 4M20 in the base 
would indicate that the metabolite forms a 
water soluble salt of a phenol. Further at- 
tempts to complete the characterization of the 
metabolite were not successful due primarily 
to the difficulty in obtaining a crystalline 
product in a completely pure form. 


the configuration ). 


Discussion. Rapid and almost complete 
destruction of 4M20 by the dog is quite ap- 
parent. The material is metabolized in a va- 
riety of ways which is all the more remarkable 
since in our hands the material appears to be 
quite stable chemically. The obvious question 
arises whether one or more of the metabolites 
might possess anti-tumor activity. This ques- 
tion remains unanswered. 

Bahner(2) has studied metabolism of 
4-(p-dimethylaminostyryl)-quinoline methio- 
dide and related compounds in the mouse. He 


TABLE ILI, Comparison of Properties of 4M20 and Its Major Metabolite from Dog Bile. 


Propert y 4M20 Metabolite 
Solubility of HCI salt HO Yes 7 Vos 3 
dil, HCl e 2? 
dil. NaOHu No mM 
Methanol Yes 2 


Melting point of dihydrochloride salt 
a "  ” pierate derivative 
sition 
’ free base 

Ultraviolet and visible absorption 
max tina 

Rf in butanol, acetic acid, water 
mixture (40, 10, 20) 


81 


178° with decomposition 


260-263° with decompo- 


138-134°C 
240 my, 290 my, 450 mu, 
490) mu 


210-215°C with decomposition 
276-278°C 


Not obtained in erystalline form 
500 My 


48 


me | 


CroToN Or INHIBITION OF SUGAR ABSORPTION 


reported a 36-47% recovery of this material 
in feces after oral administration and only 
trace amounts in urine. It is possible that 
the methiodide is metabolized in a different 
manner than is the dihydrochloride and/or 
that the mouse metabolizes these materials dif- 
ferently than does the dog. However, it should 
be pointed out that the method of extraction 
in mouse studies (hot ethanol) is not specific 
for the unchanged methiodide and that when 
a similar extraction was performed on dog 
feces after 44120 administration the presence 
of at least 4 similarly colored metabolites was 
demonstrated. 

Kelsey et al.(5) and Mead and Koepfli(6) 
have followed detoxication of quinine by liver 
slices im vitro and found a product whose 
properties suggest an oxidation occurring at 
2 position in the quinoline moiety. This me- 
tabolic change would appear to be analogous 
to that which occurs with 4M20. 

Summary. 1. A specific sensitive method 
for detection in biological materials of 4M20 
has been presented. 2. Plasma levels, urinary 
and fecal excretion of 4M20 in the dog 
after intravenous and oral administration 
were studied. These studies indicate al- 
most complete destruction of the material 
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after administration by both routes. Less 
than 0.5% of unchanged material was 


recovered in urine after intravenous ad- 
ministration and only traces were found in 
feces. After oral administration only traces 
of unchanged material were found in urine 
and feces. 3. The major metabolite of the 
drug was isolated by means of chromatogra- 
phy. It has been partially characterized as 
oxidation product with hydroxylation occur- 
ring at position 2. Other undetermined 
changes also occur in the molecule. 
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Effects of Croton Oil on Sugar Absorption by Isolated Surviving 
Guinea Pig Intestine.* (24752) 


J. P. DuRvIssEAu AND J. H. QUASTEL 
McGill-M ontreal General Hospital Research Inst., Montreal, Canada 


Croton oil has been known to act as a tu- 
mor induction promoter or cocarcinogen since 
1944(1,2,3). It also has mild carcinogenic 
properties(4,5,6). In an attempt to ascertain 
what metabolic mechanisms may be influ- 


* This investigation was supported by research 
grant from Nat. Cancer Inst., N.I.H., P.H.S., Bethes- 
da, Md., for which we are most grateful and which 
made this work possible. We are also grateful to the 
Nat. Cancer Inst. of Canada for financial aSsistance. 

We wish to thank Dr. W. Lijinsky for supplying 
us with his croton oil fractions and Mrs. M. F. 
Islam for able technical assistance. 


enced by the presence of croton oil, the effects 
of this substance on intestinal absorption of 
sugars, in the presence and absence of some 
amino acids, have been studied. The experi- 
ments were carried out using the perfusion 
technic of Darlington and Quastel(7). This 
technic has been fully described and will not 
be described further except to point out that 
it consists of the circulation at 37°C of an 
oxygenated Ringer-bicarbonate medium (the 
mucosal solution) through the lumen of a 
segment of surviving guinea pig intestine. The 
intestinal segment is also bathed by an oxy- 
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TABLE I. Effects of Croton Oil on Glucose and 
Galactose Absorption by Isolated Surviving Guinea 
- Pig Intestine. 


Ringer-bicarbonate (Ca-free) solu- 
tion. Sorbose, 200 mg %; glucose 
or galactose, 250 mg %. Croton oil, 
as stated. 

Serosal sol.: Ringer-bicarbonate (Ca-free) solution. 
Gas: 93% O2. + 7% COs, or 93% Nz + 7% CO. 
Time: 75 min. Temp.: 37°C. 


Mucosal sol.: 


Mucosal sol. Serosal sol. 


Rate of appearance, 


% croton oil uM/hr 
(v/v) Glucose Galactose 
Aerobic 
Control* .0 31.3 + 2.2 33.2 + 2.3 
ul 24.7 + 3.1 
2 20.2 + 2.8 
a) 12.1 + 2.2 24.6 + 2.2 
1.0 12.2 Se 17 24.3 + 2.3 
Anaerobic 
Control* .0 10.0 + 3.0 
1.0 12.1 + 2.2 
* No oil. 


genated Ringer-bicarbonate medium circulat- 
ing around it. This is called the serosal solu- 
tion. The rates of transport of substances 
from the mucosal solution to the serosal solu- 
tion are measured. The method has already 
been used for study of absorption of amino 
acids(8), of mixtures of sugars(9), and of 
the effects of cations on sugar absorption(10) 
by isolated surviving guinea pig intestine. 
The croton oil (and its fractions) are sus- 
pended in the Ringer-bicarbonate medium 
(mucosal solution) by homogenization in a 
Waring Blendor. 

Results. Differential effects of croton oil on 
glucose and galactose absorption. The aerobic 
rate of intestinal absorption of glucose is 
greatly diminished by the presence of croton 
oil, the rate being inversely proportional to 
the concentration of croton oil in the mucosal 
solution. This may be seen from the results 
given in Table I. Croton oil also affects galac- 
tose absorption but to a lesser degree than glu- 
cose (Table I). These results favor the view 
that separate mechanisms exist in the guinea 
pig intestine that are concerned with transport 
of glucose and galactose (see 9,12). 

The presence of croton oil, however, has 


~ + Commercial preparation (Messrs. W. J. Bush & 
Co., Canada). 
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no effect on transport of glucose by isolated 


guinea pig intestine under anaerobic condi- — 


tions i.e. on the passive diffusion of glucose 
through the intestinal wall (Table I). Nor 
is there any effect of croton oil on diffusion of 
sorbose into the intestine. It is evident, there- 
fore, that one or more constituents of croton 
oil affect the mechanisms involved in active 
transport of glucose. 

Croton oil inhibition of active glucose ab- 
sorption by isolated intestine and the state of 
health of the animal. It has been frequently 
observed that when guinea pigs are not in a 
healthy condition (for example, when they 
have symptoms of diarrhoea) that croton oil 
inhibition of glucose absorption is diminished. 


With animals that are obviously healthy con- . 
sistent inhibitions of glucose absorption by — 


croton oil are observed. 

Effects of oils on glucose transport by iso- 
lated surviving guinea pig intestine. Investi- 
gations were made as to whether the depress- 
ing effect of croton oil on glucose absorption is 
nonspecific, and due perhaps to the presence 
of fats. Glucose absorption was studied in 
the presence of various oils, namely: castor 
oil, olive oil and cod liver oil. Castor oil in- 
hibits glucose absorption but the inhibition is 
much less than that due to croton oil. Olive 
and cod liver oils have very little or no influ- 
ence on this process (Table IT) at comparable 


TABLE Il. Effects of Oils on Glucose Absorption 
by Isolated Surviving Guinea Pig Intestine. 
Mueosal sol.: Ringer-bicarbonate (Ca-free) solu- 

tion. Sorbose, 200 mg %; glucose, 
250 mg %. Oil: as stated. 
Serosal sol.: Ringer-bicarbonate (Ca-free) solution. 


Gas: 98% O. + 7% CO,. 
Time: 75 min. Temp.: 37°C, 


Serosal solution 


% oil (v/v) in 


Rate of appearance 
mucosal sol. 


of glucose, «M/hr 


o 


Control (no oil) 31.3 4 2.3 


Ls 


.5 eastor oil 22.1 + 2.6 
” olive oil 27.4 + 2.4 
” eod-liver oil 27.4+1.9 
* eastor oil + .02 m DL- 26.6 + 2.5 

phenylalanine 

1.0 castor oil 21.8 + 3.0 
” olive oil 26.2 + 3.3 
” eod-liver oil 30.0 + 2.8 
” eastor oil + .02 mw DL- 21.1 + 4.0 


phenylalanine 


; 
; 
} 


y 
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concentrations. It follows that inhibition by 
croton oil is due to a specific factor present in 
this oil that is not present in olive oil or cod 
liver oil. 


Effects of amino acids on croton oil inhibi- 
tion of active glucose absorption. It is of in- 
terest to note that croton oil inhibition of glu- 
cose is prevented to some extent by the pres- 
ence of certain amino acids. DL-phenylala- 
nine (.024/7), on adding to the mucosal solu- 
tion, greatly diminishes inhibition of active 
glucose absorption due to croton oil. Glycine 
and DL-methionine are also effective but less 
so than phenylalanine. Typical results are 
shown in Table III. Experiments were car- 
ried out to ascertain whether the action of 
the amino acids can be simply explained by 
complex formation with substances in croton 
oil responsible for suppression of glucose ab- 
sorption. Radioactive glycine was dialyzed 
in presence and absence of croton oil. Rates 
of dialysis of the amino acid were found to be 
equal in both cases. It is evident, therefore, 
that a non-dialyzable complex of glycine and 


a croton oil constituent is not formed. The 


effects of the enantiomorphs of phenylalanine 
on glucose absorption by isolated intestine in 
the presence of croton oil were then studied. 
It was found that whereas DL or L-phenylala- 
nine diminishes croton oil inhibition of glucose 
absorption, D-phenylalanine has relatively 
little effect (Table III). These results indi- 
cate that the ability of phenylalanine to pre- 
vent croton oil from interfering with glucose 
absorption depends on the presence of the L- 
enantiomorph and point to the possibility of 
enzymatic involvement. It is important to 
note that, whereas DL-phenylalanine when 
present in the mucosal solution can prevent 
croton oil from interfering with glucose ab- 
sorption, it cannot do so when present in the 
serosal solution (Table III). 


It is probable that croton oil influences 
glucose absorption of isolated surviving guinea 
pig intestine by damaging the glucose intes- 
tinal transport mechanism. The fact that cro- 
ton oil depression of glucose transport can 
be prevented by some amino acids suggests 
that its action is mediated by a phase of 
amino acid metabolism. 


rik 


TABLE III, Effects of Croton Oil and Amino 
Acids on Glucose Absorption by Isolated Surviving 
Guinea Pig Intestine, 


Ringer-biearbonate (Ca-free) solu- 
tion. Sorbose, 200 mg %; glucose, 
250 mg %. Croton oil as stated. 
All amino acids = 0,02 Mm. 


Serosal sol.: Ringer-bicarbonate (Ca-free) solution. 
Gas: 93% O. + 7% COs. 
Time: 75 min, Temp.: 37°C. 
Mucosal solution Serosal solution 
Rate of appearance 


Mucosal sol.; 


(uM/hr) 
Glucose Phenylalanine 
Glu 31.3 =o 2.2 
” + 5% co 12.1 + 2.2 
+ ”“  - gly 26.1 + 2.9 
+ gly 27.4 + 4.2 
Glu+ .5%co+ DL-ph 24 +24 279+3.9 
Idem +D -ph 14.3 + 2.4 15.9 + 2.1 
; oy +L -ph 23.6215 3034211 
Glu + DL-ph 37.9+3.3 39.8 + 2.4 
Glu+1%co+Di-ph 21.82+14 32.6+ 2.7 
Idem +D -ph 14.3 + 2.4 18.5 + 2.1 
Mg = br phy 2il.5 425. 34.2 = 2-2 
ss + DL-ph* 12.9+ 1.4 
Glu + 1% eo UP haus dbs) 
Idem + gly 18.3 + 2.9 
yy + DL-me 15.0+1.7 
Glu + 5% co+ DL-me 18.1 + 2.1 
” + DL-me 32.3 = 2.2 


Glu, glucose; co, croton oil; gly, glycine; ph, 


phenylalanine; me, methionine. 


* Glucose and croton oil were present in mucosal 
solution, but DL-phenylalanine was present only in 
serosal solution. 


Croton oil inhibition of glucose transport 
and tumor promoting activity. It is conceiv- 
able that the tumor promoting property of cro- 
ton oil is linked with an inhibitory effect on 
glucose transport, or metabolism, and thereby 
on the cell energetics. While this work was in 
progress, Lijinsky(11) reported on isolation 
of active tumor-promoting fractions of croton 
oil. Dr. Lijinsky has kindly given us samples 
of his fractions and preliminary experiments 
have been carried out to ascertain whether 
there is any relationship between tumor-pro- 
moting activity (as tested by Lijinsky) and 
inhibition of glucose transport in isolated in- 
testine. Results of preliminary experiments, 
carried out in collaboration with Mr. W. Par- 
anchych of this Institute, suggest that there 
may be a correlation between tumor-promot- 
ing activity of the croton oil fraction and its 
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ability to inhibit active glucose absorption in 
the isolated surviving guinea pig intestine. 
For example, one fraction (at a concentration 
of 0.1%), stated to be active as a tumor pro- 
moter, gave an inhibition of glucose transport 
of 68% whereas another fraction, stated to 
be inactive, gave no inhibition of glucose 
transport at concentrations up to 0.5%. It is 
intended to proceed further with this work 
when more of the croton oil fractions become 
available. 

Summary. 1. Croton oil (0.5%), when 
present in an oxygenated Ringer medium cir- 
culating through lumen of isolated surviving 
guinea pig intestine, inhibits active glucose 
absorption. It has relatively little effect, un- 
der identical experimental conditions, on ac- 
tive galactose absorption. 2. Castor oil has 
much smaller activity than croton oil. Cod 
liver oil and olive oil, under same experi- 
mental conditions, have little or no effect on 
glucose absorption by the isolated intestine. 
3. Presence of L-phenylalanine in the mucosal 
solution diminishes inhibition of active glucose 
absorption by croton oil. D-phenylalanine, 
under same conditions, has little or no effect. 
L-phenylalanine when present only in the 
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serosal solution has little or no effect on cro- 
ton oil inhibition. Glycine and DL-methio- 
nine resemble, but are less effective than, L- 
phenylalanine in diminishing croton oil in- 
hibition. Results indicate that croton oil in- 
hibition may be mediated through some phase 
of intestinal amino acid metabolism. 


1. Berenblum, I., Arch. Path., 1944, v38, 233. 

2. Berenblum, I., Shubik, P., Brit. J. Cancer, 1947, 
v1, 379. 

3. Mottram, J. C., J. Path. Bact., 1944, v56, 181. 

4. Roe, F. J. C., Salaman, M H., Brit. J. Cancer, 
1955, v9, 177. 

5. Boutwell, R. K., Rusch, H. P., Bosch, D., Proc. 
Am. Assn. Cancer Research, 1955, v2, 6. 

6. Selye, H., J. Nat. Cancer Inst., 1955, v15, 1291. 

7. Darlington, W. A., Quastel, J. H., Arch. Bio- 
chem. and Bioph., 1953, v43, 194. 

8. Fridhandler, L., Quastel, J. H., zbid., 1955, v56, 
423. 

9. Riklis, E., Haber, B., Quastel, J. H., Can. J. 
Biochem. Physiol., 1958, v36, 373. 

10. Riklis, E., Quastel, J. H., zbid., 1958, v36, 347. 

11. Lijinsky, W., Biochem. J., 1958, v70, 5P. 

12. Fisher, R. B., Parsons, D: S., J. Physzol;; 19539 
v119, 224. 


Received January 15, 1959. P.S.E.B.M., 1959, v100. 
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Enzymatic activity of various strains (Vi, 
O,H) of Salmonella typhi in relation to their 
antigenicity has been undertaken by Shrivas- 
tava et al.(1), who observed a marked differ- 
ence in oxidative metabolism of glutamic acid 
and tyrosine of various strains containing Vi 
antigen in comparison with those devoid of 
it, Maximum oxygen consumption with L-glu- 
tamic acid being higher with Vi rich strains. 
They concluded, therefore, that the Vi anti- 
gen is responsible for higher metabolic activ- 
ity of strains containing this antigen. On the 


* Abstract was reported at VII Internat. Congr. 
of Microbiol., Stockholm, 1958. 


other hand, Baron, using Vi strains in V 
forms and W variants, demonstrated that each 
strain behaved identically in oxidative me- 
tabolism of amino acids, and that the differ- 
ence observed cannot be correlated with pres- 
ence or absence of the Vi antigen. Conse- 
quently, the observed variations in oxidative 
metabolism may be due to enzymatic differ- 
ences inherent to each strain(2). In the 
present study we investigated whether differ- 
ent strains of S. typhi with optimally devel- 
oped Vi antigen, or devoid of it, in compari- 
son with H-91 and 0-901 strains showed any 
difference in metabolic patterns to oxidize 
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amino acids. We used strains rich in Vi 
antigen (Bhatnagar Vi I; Ty 2; Panama 58 
V; 6-S) and those containing O and H anti- 
gen (O-901; H-901). The V and W variants 
from Vi strains were obtained through pas- 
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. Oxidation of L-glutamic acid by different antigenic strains of Salmonella typhi. 
2. Oxidation of L-glutamie acid by S. typhi containing Vi antigen. 

. Oxidation of L-glutamie acid by V and W forms of S. typhi. 

. Oxidation of L-glutamie acid with strains V and W of S. typhi grown at 20°C. 


sages in plate cultures. The presence of each 
antigen was tested before the experiments, 
using slide agglutination with specific Vi and 
somatic sera. Only forms with Vi antigen op- 
timally developed and variants lacking Vi 
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TABLE I. Oxidation of L-Glutamie Acid by 38. 
typhi Strains Incubated at 37°C. 

Oxygen consumption (yl O,) 


——— Time in min, ———, 


Strain 60 120 180 
58-V 39.4 185.8 201.3 
6 S-V 78.4 145.0 
vil 28.2 223.2 
TO 21.3 49.2 85.4 
CUED 9.8 25.3 40.8 
Ty-2-V 22.5 41.7 69.2 

-W 34.7 63.9 Weal 
Watson-V 42.2 208.3 239.3 
-W 168.2 airs: 


89.4 


antigen were used for metabolic tests. 

Methods. S. typhi strains were grown on 
meat extract agar in Roux bottles for 18 hours 
at 37°C and harvested, washed and resus- 
pended in 0.85% NaCl solution. Suspensions 
were adjusted to optical density of 7 (10 x 
7) in Lumetron photocolorimeter with 650 
my filter, corresponding to 24 mg dry cells/ 
1 ml. Oxidative activity was measured in 
conventional Warburg respirometer, the final 
volume being 3 ml (1 ml cells and 1 ml phos- 
phate buffer pH 7.4 in main compartment, 1 
ml M/50 L-glutamic acid as substrate in side 
arm and 0.2 ml 20% KOH in central well). 
Oxygen consumption was measured for 2 and 
3 hours at 37°C. 

Results. The Vi rich strains showed a 
marked oxidation toward L-glutamic acid 
whereas those containing no Vi antigen me- 
tabolized this amino acid to a lesser degree. 
Fig. 1 gives typical experiments. However, 
when several strains containing Vi antigen 
were studied it appeared that oxygen con- 
sumption varied greatly (Fig. 2). The V 
forms and W variants obtained from Vi strains 
when cultured separately oxidized L-glutamic 
acid with a variable activity not related to Vi 
content (Fig. 3). To be certain of purity of 
the antigenic constitution, agglutination tests 
were performed in the same suspensions of V 
and W variants used for oxidation in the 
manometer. 
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In Table I typical results of the different 
experiments are summarized. 


Kozinski e¢ al.(3) demonstrated that when 
S. typhi is cultivated at 18°C, no synthesis of 
Vi antigen in cells occurred, although the en- 
zyme responsible for synthesis of the antigen 
was present. We undertook experiments grow- 
ing S. typhi strains (V and W forms) at 18 
and 20°C and measuring thereafter the oxi- 
dative metabolism of L-glutamic acid. Sero- 
logical analysis of these strains showed that 
the suspensions of V culture were devoid of 
Vi antigen, confirming the results of Nicolle 
et al.(4). It was observed that oxidative ac- 
tivity of the V form was much higher than of 
the W form although no Vi antigen could be 
detected serologically in this strain (Fig. 4). - 
Therefore, production of the Vi antigen seems 
to be independent of the enzyme system oxi- 
dizing the amino acid. 


Summary. It was shown that differences in 
oxidative metabolism of L-glutamic acid ob- 
served with V and W variants of S. typhi are 
related to enzymatic activities of each strain 
as reported by Baron. Results obtained with 
one strain varied greatly and the differences 
were only detectable when experiments were 
carried out with pure V and W forms of each 
strain. Variants V and W of S. typhi when 
cultured at 18-20°C showed higher oxidative 
activity toward L-glutamic acid than with V 
and W forms even when no Vi antigen could 
be detected. 
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There are many surgical problems relative 
to colon cancer which could be further clari- 
fied if a laboratory animal bearing a simulated 
human colon cancer were available for experi- 
mentation. For example, problems such as 
the relationship of tumor manipulation and in- 
cidence of liver metastasis; importance of pre- 
and post-operative peritoneal cavity care 
(with regard to free and spilled cancer cells) ; 
usefulness of peritoneal cavity treatment by 
isotopes, chemotherapeutic agents or both. 
An insight into these problems and many 
others could be gained if such a tool were 
available. Recognizing this need, the authors 
attempted to create a simulated human colon 
tumor by injecting under the serosa of the rat 
colon about 5 x 10% tumor cells of the ascitic 
form of the Walker carcinosarcoma 256. Also 
small bits of the solid form of this tumor were 
implanted under the serosa via trocar. Despite 
efforts to prevent peritoneal seeding both 
methods failed because carcinomatosis peri- 
toneii developed before the intended tumor be- 
came large enough for experimentation. To 
circumvent this difficulty, the following tech- 
nic was devised. 

Method. A solid Walker carcinosarcoma 
256 tumor is excised from a donor rat, placed 
in a sterile Petri dish containing 10 ml of 
0.9% NaCl and diced into approximately 2 
mm fragments. A fragment is inserted into 
a 5-0 gelatin capsule and the capsule placed in 
95% ethyl alcohol (Fig. la). The alcohol 
kills any cancer which may be clinging to the 
outside of the capsule and hardens it. The ce- 
cum of a Nembutal-anaesthetized rat is ex- 
posed by a mid-line incision. A purse string 
suture is placed around the cecum about 1 cm 
from its tip and the serosal area inside the 
purse string suture is scarified with a surgical 
knife to create a tumor bed (Fig. 1b). The 
hardened capsule is removed from ethyl alco- 


hol with forceps and placed in the barrel of a 
tuberculin syringe, modified by cutting off the 
tip. The cecum is then invaginated with the 
syringe barrel and the capsule delivered into 
the serosal pouch (Fig. 1c). The barrel of 
the syringe is then removed with a gentle ro- 
tating motion and the purse string suture se- 
cured (Fig. 1d). The cecum is then dropped 
into the peritoneal cavity and the wound 
closed in a conventional manner. 


Results. Fifty animals were treated as de- 
scribed, and growth of tumor resulted in all. 
After 7-8 days one can palpate the tumor 
through the abdomen. In 12-14 days it had 
grown to 2 cm in diameter. 


We elected to operate on the experimental 
animals at 14 days for observation and surgi- 
cal removal of the tumor. At operation, all 
animals were grossly free of disease except for 
the tumor growing in the cecal tip. However, 
peritoneal washings taken before the surgical 
removal of the tumor were found positive for 
free floating tumor cells in 34 of 50 animals. 
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Operative technie for tumor implantation. 
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FIG. 2. 

ELG. 3. 
A recent clinical study revealed that 80% of 
patients with recto-sigmoid or colon cancer 
have free floating cancer cells in their peri- 
toneal cavity prior to definitive surgery (S. H. 
Seal, unpublished). 

Surgery consisted merely of placing a liga- 
ture around the base of the cecum, care being 
taken not to incorporate any of the small in- 
testine or colon in the ligature. The cecal 
portion bearing the tumor is severed distal 
to the ligature. 

Eighteen of the 50 animals thus operated 
died within the first 2 weeks after operation. 
On autopsy, they were found to have carcino- 
matosis peritoneii, ascites and recurrences in 
the operative site. Seven had liver metastasis. 
The remaining 32 animals survived 9 weeks 
and were then sacrificed. At autopsy 11 were 
found to have recurrences at the surgical site 
and of these 11, 6 also had carcinomatosis 
peritoneii. © None had liver metastasis. 
Twenty-one animals were free of disease. 


Tumor invading bowel wall. 
Tumor in vascular channel. Note mitosis figure. 


2STABLISHING SIMULATED COLON CARCINOMA 


Discussion. It is felt that this tumor ful- 
fills many of the criteria required to simulate 
a human colon cancer. Early in the tumor’s 
history, it invades rapidly from the serosa 
penetrating through the muscle layer, submus- 
cularis, muscularis and into the mucosa (Fig. 
2). Like the human colon cancer it tends to 
be well circumscribed rather than run under 
the submucosa once it has broken into the 
bowel lumen. The tumor also invades the vas- 
cular channels (Fig. 3) and this invasion is 
detected not only histologically but also by 


the presence of tumor cells in the circulating 
blood. 


Conclusion. A method is presented for im- 
plantation of Walker carcinosarcoma 256 into 
the tip of the cecum of the rat. The technic 
results in 100% take of the tumor and this 
tumor parallels many of the characteristics of 
a human colon carcinoma. 
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Since salivary glands appear distinct from 
soft tissues such as kidney and liver, in that 
they contain 4-5 times as much calcium(1), 
uptake and secretion by these glands of the 
chemically similar cation, strontium, has been 
studied to explore possible differences. 

Methods. For comparative studies, 200- 
250 g female Long-Evans rats were given a 
measured dose of mixture of carrier-free Sr*° 
and high specific activity Ca*® as chlorides 
buffered for injection to pH 7.0 with 0.1 M 
sodium acetate. Injections were made into 
foot vein using ether anesthesia. An aliquot 
of injection mixture was analyzed to calculate 
percent of administered dose which appeared 
in tissue and blood samples. At intervals from 
6 minutes to 16 hours, rats were etherized and 
samples of blood, kidney, parotid gland and 
submandibular gland with attached sublingual 
gland were removed for analysis in duplicate. 
Since preliminary experiments gave similar 
results for different salivary glands, in later 
experiments the 3 glands were pooled. Sr*°, 
which emits y radiation of 0.013 and 0.513 
MEV, was assayed on whole sample in well- 
type scintillation counter. At discrimination 
setting on this counter, it responded slightly 
to bremstrahlung resulting from 0.254 MEV 
B of Ca*’, giving less than 1 count for each 
500 counts indicated by GM counter used for 
Ca*® assay. Ca‘® was assayed on same sam- 
ple by the method previously described(1). 
The GM counter for Ca*’ assay responded to 
y radiation emitted by Sr*’, giving 1.4 counts 
for 100 counts registered by the scintillation 
counter. Thus, no correction was necessary 
for presence of Ca*® when assaying Sr*’. The 
Ca*® count was corrected if presence of Sr*° 
contributed more than 1% to total count. 
The data was reduced to percent of adminis- 


* This work was supported by Atomic Energy 
Comm. contract. Strontium’® was obtained from 
Nuclear Science Engineering Corp., Pittsburgh, Pa., 
and Ca-45-P-3 from Union Carbide Nuclear Co., 
Oak Ridge, Tenn. Specific activity was 4524 mc/g. 


tered dose appearing in sample. In addi- 
tional rats, pilocarpine hydrochloride was 
given either 2 or 6 hours after administration 
of Cat®-Sr*® mixture and 3 samples of saliva 
were collected from mouth over 2 hour inter- 
val. The rat was killed at end of 2 hour col- 
lection period and blood, kidney and salivary 
glands were removed for analysis of Ca*® and 
Sr*°. For comparison of Sr and Ca secretion, 
2.5 meq/kg of .1 M strontium chloride were 
given intravenously over 5 minutes. After 2 
hours, pilocarpine hydrochloride was adminis- 
tered subcutaneously and saliva was collected 
from submandibular duct. Three samples 
were obtained. At end of 2 hour collection, 
the rats were killed and blood, kidney and 
submandibular gland were removed for flame 
analysis of Ca as described previously 
(2). The 422.7 mp line was used. Analysis 
of Sr on samples was also done by flame pho- 
tometry using the 460.7 mp line. Mutual in- 
terference between Ca and Sr was absent in 
this method. 

Results. Table I gives percent of adminis- 
tered dose found in 100 mg of blood, kidney 
or salivary gland at various times after ad- 
ministration of Sr*® and Ca*®. No significant 
differences were found between blood and kid- 
ney and both showed a slightly more rapid 
disappearance rate for Sr*° than for Ca*. 
Salivary glands showed retention of both Ca 
and Sr as compared to blood or kidney. Re- 
tention of Ca exceeded that of Sr at every time 
interval and reached a ratio of 4.66 to 1 at 16 
hours. 

Relative rates of secretion of Ca*? and Sr*° 
into saliva as compared to amounts in serum, 
kidney, and salivary glands are shown in 
Table II. Amounts of Ca*® and Sr*° in tissues 
are not significantly different from those in 
tissues when no pilocarpine was given (Table 
I). Amounts of Ca*®? and Sr®° in saliva are 
slightly increased over serum at 4 hours, while 
at 8 hours, amount of Ca*® present is distinctly 
increased over serum, whereas amount of Sr*° 
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TABLE I. Percent* of Administered Dose/100 mg Wet Wt in Blood, Kidney and Salivary 
Gland at Various Times after I.V. Administration of Sr®-Ca*. 


-————_Kidney _ ,—— Salivary glands, 


No. Ratiot Ratiot Ratiot 
Time rats Ca®,% Sr®,% Ca/Sr Ca*,% Sr®,% Ca/Sr Ca®,% Sr®,% Ca/Sr 
6min. 6 135 .138 99 140 123 aie .093 .073 1.32 

+.008 +.007 +.06 +.014 +.011 +.04 +.011 +.011 +.08 

Thr 6 .042 .039 TOM 047 049 95 101 .044 2.27 
+.005 +.005 +.07 +.007 +.006 +.03 +.014 +.006 +.04 

4 6 0133 0119 PAS .0164 -0139 1.20 .099 .036 2.77 
+.0011 +.0010 +.11 +.0011 +.0010 +.11 +.002 +.002 +.13 

8 5 .0065 00538 a gat) 0081 0073 1.14 .064 .023 3.00 
+,.0006 +.0004 +.21 +.0005 +.0006 +.09 +.007 +.005 +.35 

16 5 000386 .00022 1.62 00032 .00022 1.44 0019 .00043 4.66 


+.0003 +.00007 +.52 


+.00004 +.00003 +.14 +.00006 +.00003 +.16 


* Mean + stand. error. + Mean of calculations for individual samples. 


is the same as serum. Since this experiment Discussion. Recent work has shown that 


was done with tracer amounts of Sr, a similar 
experiment was done with normal Sr to deter- 
mine whether a large amount of Sr would 
make a difference in comparative secretion of 
Ca and Sr into the saliva. Concentrations of 
Ca and Sr in serum, kidney, submandibular 
gland and saliva after administration of 
strontium chloride are presented in Table III. 
Although concentrations of Ca and Sr in the 
submandibular gland differ markedly, the ra- 
tio of concentrations of Ca to Sr in saliva is 
approximately the same as in kidney and only 
slightly greater than that in serum. 


the body discriminates against strontium in 
favor of calcium in a number of ways. For 
example, Ca*® is preferentially absorbed from 
the gut by a factor of 1.6 over Sr®9(3). If 
Ca*? and Sr*® are injected together and 
concentrations of the 2 radio-isotopes in 
various parts of gastro-intestinal tract are fol- 
lowed, about twice as much Ca*® as Sr®® ap- 
pears in bile and about 20% more Ca*® than 
Sr’® appears in remainder of gastro-intestinal 
tract(4). Under normal conditions, the frac- 
tion of injected Sr8® appearing in urine is 
greater than the fraction of injected Ca*® by a 


TABLE II. Percent* of Administered Dose per 100 mg Wet Weight in Blood, Kidney, Salivary 
Gland and Saliva 4 and 8 Hours after Sr®-Ca*® I.V.t 


Serum Kidney Salivary gland Saliva 
Time, (Ops Sie (OR Sr Ca* Sr® Ca* Ssr® 

hr c % : E a 
4 AML Lil .0126 0143 .0150 098 .038 .0190 .0170 
==.0010> 3100038 +.0006 -+.0011 +.004 +.003 +.0019 +.0022 

(.88) (.95) (2.58) (1.12) 
§ .0059 .0054 .0082 0082 .071 .029 .0098 .0054 
+.0003 +.0005 +.0005 -+.0007 +.011 +.006 +.0002 +.0003 

(1.09) (1.00) (2.45) (1.81) 


* Mean and stand. error for duplicate or triplicate sa mples from 3 rats at each time interval. 
+ Pilocarpine HCl (10 mg/kg) given S.C, 2 hr prior to autopsy. Ca/Sr ratio in parentheses. 


TABLE IIT. Concentration®* of Ca and Sr in Serum, Kidney, Submandibular Gland and Saliva 
4 Hours after 2.5 meq/kg SrCl, 1.V.t 


Serum Kidney Submandibular gland Saliva 
Ca Sr Oa Sr Ca Sr Ca Sr 
meq/g nt 
5.51+.20 4,42 +.23 4,014.26 2.66 +.36 13.4+.4 2.47 +.22 2.07 +.11 1.23 +.09 
(1.25) (1.51) (5.4) (1.68) 


“ Mean + stand. error for duplicate or triplicate samples from 4 rats. 
+ Pilocarpine HC] (10 mg/kg) given S.C. 2 hr prior to autopsy. Ca/Sr ratio in parentheses. 
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factor of 1.6(5). The mechanism of this dis- 
crimination against Sr in favor of Ca has not 
been satisfactorily explained although Sa- 
machson and Lederer have shown that ap- 
_ proximately 60% of Sr*® in human serum is 
filterable through a cellophane membrane as 
compared to 40% for Ca*®(6). Apparently 
bone is the only organ in which studies have 
been made of differential uptake of Ca and 
Sr and no difference in uptake appears to oc- 
cur. However, other discriminatory processes 
in the body serve to lower the body burden 
and hence the bone burden of Sr more rapidly 
than Ca(7). 

In our experiments, uptake of Sr*® by the 
salivary gland was distinctly less than that of 
Ca** as shown at 1 hour after injection of a 
mixture of Ca**-Sr*® (Table I). At this time, 
the percentage of administered dose of Ca*® 
in the gland was 2.4 times blood, whereas the 
percentage of injected Sr*° in the gland was 
only 1.13 times that in an equal quantity of 
blood. At the end of 8 hours after injection of 
the mixture of Sr*°-Ca*®, the percentage of 
administered dose of Sr remaining in the gland 
was 4.3 times the percent remaining in blood, 
while in contrast, the percent of administered 
dose of Ca remaining in the gland was 9.8 
times that remaining in blood (Table I). 
Thus the process which retains Ca*® in the 
salivary glands(1) is less effective in retaining 
ere, 

The saliva secretory process discriminates 
against Sr less effectively than the process 
which retains Ca and Sr in the gland. Four 
hours after injection of the mixture, the per- 
cent of administered dose of Ca*® in saliva was 
1.71 times serum whereas the gland/serum ra- 
tio for Ca*® was 8.8. In contrast, the percent of 
administered dose of Sr*® in saliva was 1.35 
times serum and the gland/serum ratio for 
Sr®° was 3.0 (Table II). At 8 hours, saliva/ 
serum ratio for Ca*® was 1.7 and the gland/ 
serum ratio was 12.0. In contrast, saliva/ 
serum ratio for Sr®° was 1.0 and gland/serum 
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ratio was 5.4. Thus, saliva/serum ratio in 
favor of Ca*® over Sr®° was 1.26 (1.7/1.35) 
at 4 hours and 1.7 (1.7/1.0) at 8 hours where- 
as gland/serum ratio in favor of Ca*® over 
Sr8> was 2.93 (8.8/3.0) at 4 hours and 2.23 
(12.0/5.4) at 8 hours. 

The data gained by injection of normal 
strontium demonstrates more strikingly the 
relative lack of discrimination against Sr in 
the secretion of saliva as compared to uptake 
of Sr by the submandibular gland (Table ITI). 
The Ca/Sr ratio in saliva (1.68) was only 
slightly different from serum (1.25), whereas 
the Ca/Sr ratio in the gland (5.4) was much 
larger. 

Summary. 1) Percent of administered dose 
in blood, kidney, and salivary gland was de- 
termined from 6 minutes to 16 hours after 
intravenous injection of a mixture of Ca*®- 
Sr®°. Salivary glands retained Ca*® in prefer- 
ence to Sr*°, reaching a ratio of 4.6:1 at 16 
hours. However, the glands showed a distinct 
retention of Sr** and contained 3.1 times the 
concentration in kidney 8 hours after injec- 
tion. 2) In secretion of saliva, the salivary 
glands showed less discrimination against Sr 
in favor of Ca than did uptake by the gland. 
After administration of tracer amount of Sr®® 
or of 2.5 meq/kg of normal Sr, ratio of Ca/Sr 
was only slightly greater in saliva than that 
in serum. 
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Rate of Propagation of Japanese B Encephalitis Virus in Hamster 


Kidney Cell Cultures.* 


(24756) 


Frep H. Drercxst aNpD WiLL1AM McD. HAMMON 
Dept. of Epidemiology and Microbiology, Graduate School of Public Health, University of 
Pittsburgh, Pa. 


The usefulness of hamster kidney cell 
(HKC) cultures for detection and propaga- 
tion of Japanese B encephalitis (JBE) virus 
has been established(1,2). The purpose of 
this report is to record the rate and pattern of 
viral yield and increase following inoculation 
of HKC cultures with known infective doses 
of virus. 

Material and methods. The methods used 
for preparation and maintenance of HKC cul- 
tures for routine laboratory use have been de- 
scribed(2). Briefly reviewed, the methods 
used were essentially identical with those cur- 
rently in use for processing of monkey kidney 
cell cultures with only minor modifications. 
The procedure employed for manipulating the 
labile JBE virus was unique in that the virus 
yield was harvested by addition of an equal 
volume of inactivated normal calf serum prior 
to shell freezing and storage at dry ice box 
temperatures. This practice permitted rou- 
tine laboratory manipulations to be carried 
out without undue loss of titer. The Naka- 
yama strain of JBE virus was used through- 
out our studies and the standard diluent for 
virus titrations consisted of maintenance me- 
dium fortified with 10% inactivated normal 
calf serum. All calf serum used was pretested 
for presence of JBE neutralizing antibodies 
and shown to have a neutralization index of 
less than 10. Exp. A. The 10th HKC pas- 
sage pool of virus, which had a TCDso titer 
of 10°, was diluted in a 10-fold dilution se- 
ries from 10°! through 10°. Each of 72 repli- 
cate HKC culture tubes was then inoculated 


* In part from thesis submitted to Graduate School 
of Public Health, Univ. of Pittsburgh as partial re- 
quirement for Doctor of Science in Hygiene Degree. 
This work was done under sponsorship of Commis- 
sion on Viral Infections of Armed Forces Epidemio- 
logical Board, and supported in part by Office of 
Surgeon General, Dept. of Army. 

+ Walter Reed Army Inst. of Research, Washing- 
ton, D.C. 


with 0.1 ml of the 10° dilution and each of — 
an additional 72 replicate tubes received 0.1 
ml of the 10-° dilution. Therefore, the TCD5o 
used for these inoculations were approximately 
1,000 and 10 respectively. At predetermined 
time intervals following inoculation, 6 tubes 
from each dosage level were harvested with 
the addition of an equal volume of normal calf 
serum. These shell-frozen and thawed har- 
vests were then pooled and dispensed to glass- 
sealed ampules which were rapidly frozen in 
a dry ice alcohol bath and stored at dry ice 
box temperatures until thawed for titrations 
in HKC cultures approximately 2 weeks later. 
At time of titration, each sample of stored vi- 
rus was melted at 37°C, diluted in a 10-fold 
dilution series and 0.1 ml of the appropriate 
dilutions inoculated into each of 3 replicate 
HKC culture tubes. 


Results of these titrations plotted (Fig. 1) 
showed that following inoculation of 1,000 
doses of virus, the fluids harvested 3 hours 
later still contained virus to a titer of 10°1:8/ 
0.1 ml. Six hours after inoculation, virus con- 
tent was still declining. Twenty-three hours 
following inoculation, the titer noted was 
10°*-° which then increased to a titer of 10+ 
by the 32nd hour. The 46th, 52nd and 69th 
hour harvests showed further increases of in- 
fective content with titers of 10°°-8, 10° and 
10‘-3 respectively. With the 10 TCDso in- 
oculum, the harvest stored immediately after 
inoculation failed to reveal the presence of 
virus. However, both the 1- and 4-hour har- 
vest showed the presence of virus in 1 of 3 
tubes inoculated with undiluted material. 
Virus increase was readily detected after 24 
and 33 hours of incubation with titers of 10°! 
and 10° respectively. The 47th, 53rd and 
70th hour yields showed a further increase in 
titer from 10*-> to 105 to finally 10-®-?. 

These data show form and pattern of virus 
replication to be essentially a straight line 


NE 


TITER (NEG, LOG) 


JAPANESE B ENCEPHALITIS VIRUS 


O=—O INOCULUM 1000 TCD 59 
4—A INOCULUM 10 TCD ,, 
° 10 20 30 40 50 60 70 
TIME (HOURS) 
FIG. 1. Propagation of Japanese B encephalitis 


virus in hamster kidney cell cultures following in- 
oculation with 10 and 1,000 tissue culture doses of 
virus.* 


* Harvests collected 3, 6, 23, 32, 46, 52 and 69 hr 
after inoculation were titrated in 10-fold dilution 
series using 3 tubes of hamster kidney cell cultures 
per dilution for the 1,000 TCD,, inoculum. For the 
10 TCD.,, inoculum, harvests collected immediately 
after inoculation and after 1, 4, 24, 33, 47, 53, and 
70 hr of incubation were titrated in a similar man- 
ner. Points plotted are TCD, of the individual 
titrations. The data obtained for the 6 hr and 24 
hr harvests are estimates only, since dilutions used 
for assay did not completely bracket the endpoint 
of infectivity. 


logarithmic increase of infectivity after a 
brief latent period following inoculation. Al- 
though a slight decrease in rate of growth is 
suggested for the 1,000 TCDs;, inoculum dur- 
ing the late time period, in neither instance 
was a definite plateau reached; therefore, it 
is not known whether the viral increment re- 
sulting from the smaller inoculum would have 
reached an ultimate titer equivalent to that 
attained by the larger dose. Over the period 
of observation, the 2 curves revealed slopes 
essentially identical but spaced approximately 
1 log higher in the case of the larger inoculum. 

Exp. B. For practical purposes of select- 
ing the optimal day for harvest of tissue cul- 
ture fluids following inoculation and to sup- 
plement the information gained with the 10th 
passage virus an additional experiment was 
designed to gain information regarding daily 
increase of infectivity by 24 hour time inter- 
vals, using the 25th passage level virus. The 
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25th passage pool of virus was estimated to 
have a mean TCD; of 10°°* based on prior 
duplicate titrations carried out at % log inter- 
vals. As inoculum for this experiment, the 
stock virus was diluted to a concentration of 
10*8. This dilution of virus in a volume of 
0.1 ml, which represented approximately 100 
TCDs59, was used to inoculate 52 replicate 
HKC culture tubes. Immediately following 
inoculation, 4 tubes were harvested in the 
usual manner. This harvest was designated 
as time zero. At 24 hour intervals thereafter, 
6 replicate cultures were harvested and pooled 
in the same manner as in Exp. A. These pools 
of infective tissue culture fluids were stored at 
dry ice box temperatures for a period of ap- 
proximately 2 weeks, at which time they were 
thawed and titrated in HKC cultures using 4 
replicate tubes for each 10-fold dilution. 


Following inoculation with 100 TCDs 9 of 
virus, the tubes responded in the usual way 
and showed minor evidence of cytopathic ac- 
tivity when examined 48 hours later. Mor- 
phologic changes at the end of 72 hours of 
incubation were recorded as 3+ prior to har- 
vest of the 6 tubes, and from the 96th hour 
following inoculation onward, the cellular 
monolayers were graded as 4+ degeneration. 
The successive titers obtained, expressed as 
negative logarithms of infective titer, were: 
<LI ay TEE cele TG aml 0 ys Yt a ew pee cee 1B HOLT Hae 
<3.0 (Fig. 2). These results showed that 
viral increment as measured by infectivity 
reached its peak at the 72nd or 96th hour fol- 
lowing inoculation, at a time when the cellu- 
lar monolayer was first graded as 3 or 4+. 
The slope of increasing viral titers during the 
first 3 days appears to be somewhat steeper 
than the slope of decline as measured by titer 
changes at the end of the 5th and 6th days. 

Exp.C. One final experiment was designed 
to gain a greater insight into the actual re- 
plication of virus by the infected HKC mono- 
layer. The 25th passage virus again served 
as inoculum and the dilution used was pre- 
pared as described above for Exp. B. Each 
of 10 replicate tubes of HKC cultures re- 
ceived 0.1 ml of virus estimated to contain 
100 TCD; . Five of these tubes served as 
positive controls on virus activity and dis- 


TITER (NEG. LOG) 


TIME (DAYS) 


FIG. 2. Propagation of Japanese B encephalitis 
virus in hamster kidney cell cultures following in- 
oculation with 100 tissue culture doses of virus.* 


* Harvests were collected immediately after in- 
oculation, and at 24 hr intervals thereafter for a 
period of 8 days. The stored fluids were titrated in 
10-fold dilution series using 4 tubes of HKC for 
each dilution. The 0, 7, and 8 day titers are esti- 
mates of infective content since the dilutions used 
for assay did not completely bracket the endpoint 
of infectivity. 


played 3+ degeneration 72 hours following 
inoculation, which progressed to complete, or 
4+, at the end of 96 hours. Near the end of 
the 2nd day, beginning at the 45th hour after 
inoculation and continuing at hourly intervals 
to the 52nd hour, total fluids from the 5 test 
cultures were removed and pooled in a small 
flask. The monolayer was then washed one 
time with 1 ml of maintenance medium. One 
ml of fresh maintenance medium was added 
and the tubes returned to their stationary po- 
sition in a 37°C incubator. The pool of tis- 
sue culture fluid obtained from the 5 cultures 
was stabilized by adding 5 ml of normal calf 
serum and then was dispensed to ampules 
which were shell-frozen prior to storage at dry 
ice box temperatures. Again near the end of 
the 3rd and 4th days the procedure was re- 
peated. Therefore, hourly harvests were made 
on the 45th through the 52nd hour, similarly 
the 69th through the 76th hour and from the 
93rd to the 100th hour following inoculation. 

The accumulated dilution factor from the 
45th hour to the 99th hour was of the order of 
10-*° if one considers that a volume of 0.1 ml 
of fluid remained in the tube after pouring off 
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the yield, adding and discarding the 1 ml wash 
and the addition of 1 ml of fresh maintenance 
media following each harvest (7.e., 23 wash- 
ings over a 3-day period each representing ap- 
proximately a 10° dilution factor). 

Approximately 3 weeks later, selected 
stored harvests were titrated for infectivity in 
HKC cultures using 10-fold dilutions and 3 
tubes for each dilution. The results of these 
titrations are summarized in Table I. 

As a further check on the validity of these 
results, the 69th and 70th hour yields (18 
hours and 1 hour growth respectively) were re- 
titrated using 1% log dilutions and 4 tubes per 
dilution. The TCD; for the 18 hour period 
harvested at the 69th hour was 10%? and for 
the 1 hour period harvested at the 70th hour 
was 10° (Table IT). 

Discussion. The first 2 experiments are in 
essential agreement, providing a reasonable 
approximation of the cumulated infective viral 
yield to be expected following inoculation of 
HKC cultures with from 10 to 1,000 TCDso of 
at least partially HKC adapted JBE virus. 
The maximum titer is probably reached 
slightly more rapidly by the greater inoculum 
and there is a suggestion that the plateau is 
reached somewhat more rapidly by the 25th 


TABLE I. Titers of Yields of Japanese B Enceph- 
alitis Virus in Hamster Kidney Cell Cultures In- 
oculated with 100 TCD,.* at 18 and 1 Hour Inter- 
vals during 2nd, 3rd and 4th Days after Inoeula- 


tion. 
Day after Time of Titert 
inoe. harvest (hr) (neg. log) 
er 454 5.3 
47§ 4.8 
49% 5.3 
514 5.5 
3 69 7.8 
71 6.8 
73 6.5 
75 6.8 
4 93 7.0 
95 5.5 
OM. 5.3 
99 4.8 


* 0.1 ml of 10% dilution of 25th ‘‘rapid pas: 
sage’? virus. 

+ Titrations done in 1 log dilution series using 3 
tubes per dilution from 10- through 10-°. 

{ First harvest each day was of fluid placed in 
tube 18 hr previously, 

§ All specimens after first of the day were fluids 
added just 1 hr prior to harvest. 
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TABLE II. Titers of Yields of Japanese B En- 
cephalitis Virus in Hamster Kidney Cell Cultures 
Inoculated with 100 TCD,.* at 18 and 1 Hour In- 


tervals at Beginning of 3rd Day after Inoculation. 


Time of Titert 
Day harvest (hr) (neg. log) 
3 69t 7.3 : 
3 708 6.6 


* 0.1 ml of 10“ dilution of 25th ‘‘rapid pas- 
sage’’ virus. 

+ Titrations done in 14 log dilution series using 4 
tubes per dilution from 10~ through 107, 

¢ Harvest was of fluid placed in tube 18 hr pre- 
viously. 

§ Harvest was of fiuid placed in tube 1 hr pre- 
viously. 


passage virus than by the 10th, possibly the 
result of further adaptation. 

From the first 2 experiments it is not pos- 
sible to determine actual rate of virus growth 
or when replication ceases, for viral degrada- 
tion is proceeding at an unknown rate and 
what is being measured is the difference be- 
tween these two opposite forces. 

Exp. C was designed to clarify this com- 
bination of replication and degradation, at 
least in part. It is evident from the combined 
results obtained that viral replication by the 
monolayer begins prior to the onset of marked 
cytopathogenic effect (CPE) and that virus 
continues to be released in the medium as long 
as cells remain in the monolayer. During the 
plateau phase shown in Exp. B, Fig. 2 (rela- 
tively constant level of active viral titers in 
tubes left undisturbed following inoculation) 
it is obvious that viral deterioration is pro- 
gressing at a rate equal to that of viral release 
by the cells since during these same time pe- 
riods (days 2 through 4) in Exp. C (Table 
I) the hourly harvests indicated a relatively 
constant rate of yield. After 120 hours fol- 
lowing inoculation, when the monolayer had 
completely disappeared the rapid rate of log- 
arithmic titer fall (Fig. 2) suggests that the 
released, degenerated cells were yielding no 
more virus and that the late portion of this 
slope (estimated in part) may represent the 
true rate of viral degeneration. Providing pH 
changes and other modifications of the me- 
dium due to cell growth have not greatly al- 
tered the rate of viral degeneration, it may 
be assumed that this goes on at a constant 
rate from time of release of virus from the 


first infected cells (less than 24 hours after 
inoculation) until all virus becomes inactive. 

The infectivity titers attained in the har- 
vested fluids are apparently largely the result 
of viral replication or release as it occurs dur- 
ing the previous hour (Tables I and II). The 
detectable accumulation of infective virus 
after overnight incubation does not exceed 
that of 1 hour growth by more than 1% logs 
and in the more precise titration was only 0.7 
logs. This fact emphasizes the lability of the 
Japanese B encephalitis virus at ordinary in- 
cubator temperatures in the usual tissue cul- 
ture medium. Viral titers obtained by these 
hourly harvests beginning 24 hours following 
inoculation and during the next 48 to 72 hours 
are sufficiently high to suggest that this tissue 
culture system may provide an inexpensive 
source of potent virus-containing fluids which 
can be sufficiently concentrated by physical or 
chemical means to serve a number of purposes. 
The starting material need contain little pro- 
tein or other extraneous materials as compared 
with mouse brain or chick embryo which has 
been used previously(3,4). Although not yet 
tested it appears reasonable to expect that 
during the phase of maximum viral release by 
the cells all serum may be omitted from the 
medium, since cell growth is no longer of im- 
portance. By the use of infected monolayers 
of HKC, which are releasing virus continu- 
ously, it should now be feasible to devise 
technics which would permit a continuous 
flow of fluid to be harvested directly into a 
container maintained at dry ice box tempera- 
tures during the period of optimal virus re- 
lease. Such fluids would then provide an in- 
expensive starting material for subsequent 
concentration and _ purification procedures. 
This has obvious potentialities for an inacti- 
vated vaccine. It seems probable that studies 
similar to those which have been done on puri- 
fication of poliovirus from infected tissue cul- 
ture fluids(5) are now within the realm of 
possibility. 

Preparations such as these, probably with- 
out concentration, and relatively devoid of 
inactive virus should have a real application 
in revealing the true neutralizing capacity of 
immune sera since it is probable that inactive 
virus is capable of combining with antibody 
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and thus altering the results of diagnostic 
neutralization tests. Certainly further work 
along these lines, comparing the results ob- 
tained with neutralization tests performed in 
the usual manner and with virus prepared 
from a 1 hour period of replication is indi- 
cated. 

Finally, these active, hourly harvests of 
virus may provide a more delicate means for 
studying antigenic relationships between mem- 
bers of the arthropod-borne viruses, since ani- 
mals immunized with active tissue culture 
virus may produce a more specific antibody 
than that now obtainable following immuniza- 
tion with virus suspensions containing not only 
large quantities of animal protein but also 
varying quantities of inactive virus. These 
actively replicating HKC cultures may also 
prove useful as new tools for study of the pro- 
duction of antigens for demonstrating comple- 
ment-fixing and hemagglutinating activity of 
the virus. 

Summary. Following inoculation of HKC 
cultures with JBE virus, virus content in- 
creases by geometric increment after a brief 
latent period and yields a maximum titer of 
virus usually of the order of 10‘ infective units 
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per 0.1 ml of tissue culture fluid 72 to 96 
hours following inoculation. Infectivity of 
the tissue culture fluids then decreases during 
the next several days as all of the cells of the 
monolayer are destroyed by the cytopatho- 
genic activity of the virus. Further studies 
during the 69th to 75th hours following in- 
oculation with JBE virus showed that the in- 
fected HKC monolayer is capable of releasing 
infective virus to a titer of the order of 10°° 
to 10°8 per 0.1 ml at hourly intervals. The 
practical and theoretical implications of these 
findings for further studies have been dis- 
cussed. 
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Relation of Myxoma Deoxyribonucleic Acid (DNA) to Fibroma-Myxoma 


Virus Transformation. 


(24757) 


JosEPH SHACK AND LAWRENCE KILHAM 
National Cancer Inst. and Division of Biologics Standards, N.I.H., Bethesda, Md. 


Transformation of fibroma into myxoma 
virus in tissue culture using myxoma virus in- 
activated by heat as transforming agent 
(TAM) has been described(1,2). Further 
findings indicate that TAM consists of my- 
xoma virus particles which have lost infectiv- 
ity due to denaturation of their outer protein 
coats. These particles are not affected by 
deoxyribonuclease (DNase) (3). Continuing 
investigations have aimed to remove outer 
coats in an effort to reveal an inner core of 
DNA. The present communication describes 
how urea treatment renders TAM susceptible 
to the destructive action of DNase, while not 
reducing its ability to transform. These find- 


ings suggest that DNA is essential to the 
Berry-Dedrick phenomenon (4). 

Materials and methods. Recent modifica- 
tions in procedures used in transformation ex- 
periments in tissue culture(1,2) may be out- 
lined as follows: Fibroma virus. The live 
virus used was prepared from fibromas made 
into a 1:10 suspension with the medium used 
for tissue cultures. After clearing by repeated 
centrifugations at 3,000-4,000 rpm, the sus- 
pensions were stored at —70°C. Preparation 
of TAM. Myxoma virus was prepared as a 
1:10 suspension of ground tumors in pH 7.2 
phosphate-buffered saline containing 10% 
calf serum (inactivated) as well as penicillin 
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and streptomycin. The suspension was 
cleared with 3 or 4 centrifugations at 3,000 
rpm. Virus particles were then concentrated 


_ ina pellet by a high speed centrifugation in a 


_ Spinco, at 40,000 rpm for 40 minutes, follow- 


~~ 


solution of 0.1%. 


_ ing which they were resuspended in 1/30 their 


original volume, with use of the same serum- 
saline medium. Suspensions were then frozen 
in sealed ampoules at -40°C. These tubes 
were later thawed and heated 12 minutes when 
completely submerged in water bath at 65°C. 
All virus was inactivated in this manner prior 
to chemical treatment. In preparations 49 
through 66 TAM was also twice resedimented 
and resuspended in buffered saline (no serum) 
prior to chemical treatment. Urea treatment. 
All preparations of TAM given urea treat- 
ment were dialyzed inside a sterile dialysis 
sac, with gentle rocking, against 10 volumes of 
10 M urea in buffered saline for 6 hours at 
room temperature (23°C). Dialysis was then 
continued for 2 more hours at 23°, 35°, or 
45°C. The outer fluid was then replaced by 
cold buffered saline and UREA-TAM was 
dialysed at 4°C against several changes of 
buffered saline over a period of 4-5 days. De- 
tergent treatment. Sodium lauryl sulfate was 
added to the suspension of TAM to give final 
The TAM-detergent mix- 
ture was exposed to desired temperature for 
1 hour, then extensively dialyzed against buf- 
fered saline at 4°C. Enzyme treatment. Four 
to 5 pg of crystalline DNase or RNase/ml of 
TAM were added and the mixture kept at 
38°C for 2 hours. The treatment was then 
repeated before TAM was cooled and stored 
in frozen state. In every case DNase was 
tested at time of treatment by adding 4 pg 
to 1 ml of a sample of DNA in buffered saline. 
Although conditions were far from optimal 
due to low concentration of Mg, the viscosity 
of DNA was destroyed within 5 minutes at 
25°C. Stock solution of RNase was assayed 
by methods of Kunitz(5) and in every case 
was highly active. Tissue cultures consisted 
of trypsinized rabbit kidney cells maintained 
in 2-ounce prescription bottles with 3 
changes/week of Melnick-Hanks medium 
containing 10% calf serum and penicillin and 
streptomycin. The bottles were inoculated 
within 7 to 9 days of their preparation. Per- 
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formance of tissue culture experiments. TAM 
and fibroma virus, both in amounts of 1 ml, 
were mixed in tube with 0.6 ml of inactivated 
calf serum which had been heated an addi- 
tional 3-5 minutes at 65°C just prior to use. 
Fluids were now poured from 2 prescription 
bottles and their cell sheets were washed by 
3 successive changes of nutrient medium, prior 
to inoculation with equal amounts of TAM, 
virus, serum mixture. These inocula were al- 
lowed to overlie cell sheets for % hour at 
36°C, then 6 ml of medium were added. Su- 
pernatant fluids were harvested at 2-3 and 
at 5 days. Experiments were terminated at 
7 days when cell sheets were thin and the cells 
rounded. These final harvests were made 
after bottles had been frozen and thawed. 
Rabbit inoculations. Harvests from individ- 
ual experiments were inoculated into rabbits 
intradermally in amounts of 2 ml. Animals 
developing myxomatosis did so within 5-7 
days. 

Results. The major aim of chemical treat- 
ments was to alter TAM particles to expose 
their inner core of DNA without causing loss 
of transforming activity. The agents used 
were urea, which had been used for disruption 
of bacteriophage(6), and the detergent, so- 
dium lauryl sulfate, which had been used to 
disrupt tobacco mosaic virus(7). No lots of 
TAM mentioned below proved infectious when 
tested in rabbits and tissue cultures by meth- 
ods previously described(1,2). Lack of in- 
fectivity was true of TAMS prepared with de- 
tergent and urea as well as by heat alone. 

Use of detergents. An initial attempt with 
detergent was successful from the above point 
of view. TAM 49 retained its transforming 
potency after treatment with detergent at 
60°C as indicated by positive results in 7 of 
7 transformation experiments, all of which led 
to an appearance of live myxoma virus. A 
portion of the same material exposed to 
DNase gave a different result. The enzyme 
destroyed transforming ability of TAM 49 as 
indicated by negative results in 5 of 6 experi- 
ments. The sixth experiment was barely posi- 
tive since the rabbits used for testing tissue 
culture fluids developed only fibro-myxoma 
which, as previously described(3), represents 
a minimum of myxoma in presence of large 
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amount of fibroma virus. These results en- 
couraged an idea that an inner core of DNA 
could be exposed without destruction of trans- 
forming activity. Further efforts in use of 
detergents, however, met with no success. 
Eight additional lots of TAM submitted to 
similar manipulations at temperatures from 
39 to 60° lost their transforming ability. Two 
additional preparations, 67 and 68, exposed to 
detergent at 58°C (in presence of serum) re- 
tained activity but were not destroyed by 
DNase. Reasons for the inconsistent results 
obtained with detergent are not yet under- 
stood. 

Urea treatment. Four successive lots of 
TAM, 69 to 72, were treated with urea at 
room temperature and aliquots of each were 
then exposed to DNase. Twenty-four of 25 
experiments performed with these UREA- 
TAMS were positive. Twenty-six other ex- 
periments, performed at same time and under 
same conditions with aliquots exposed to 
DNase, were all negative. These results are 
presented in Table I. It is evident that urea 
TABLE I. Transforming Activity of TAM after 


Treatment with Urea at Different Temperatures 
Followed by Exposure to DNase. 


Transformation experiments 
with UREA-TAM 


No enzyme DNase 
Temp.urea ; ics ~ 
TAM Ree Poss Neg, Pos, Neg: 
4 lots 23 24 1 0 26 
(69-72) 
2 lots (70 35-45 11 9 3 20 
and 71) 
* Positive = transformation of fibroma to myx- 


oma virus took place in tissue culture. Negative = 
no change in tissue culture. 

treatment at room temperature led to no ap- 
parent reduction in transforming ability of 
heat-prepared lots of TAM but that DNase 
destroys the transforming activity after such 
urea treatment. Results were similar but 
somewhat less constant when urea treatment 
was carried out at higher temperatures (Table 
I). Table II presents results obtained for in- 
dividual lots of UREA-TAM. 

Specificity of DNase action. It was re- 
ported earlier(3) that TAM is not inactivated 
by exposure to DNase. This finding has been 
confirmed and extended by use of longer ex- 
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TABLE II. Transforming Activity of 4 Lots of 
TAM after Treatment with Urea at Different 
Temperatures Followed by Exposure to DNase, 


Transformation experiments 
with UREA-TAM 


No enzyme DNase 
Memip! Urean fa 

TAM Rec Pos.* Neg. . Pos.-9iNegs 
69 23 10 0 0 9 
70 A 23 3 1 0 6 
B 35 2 6 0 5 
C 45 4 2 0 6 
71A 23 6 0 0 6 
B 35 5 1 3 3 
72 A 23 5 0 0 5 


* Positive — transformation of fibroma to myx- 
oma virus took place in tissue culture. Negative = 
no change in tissue culture. 


posures of the TAM to 2 separate aliquots of 
DNase at higher temperature of 38°C. One 
of the lots, TAM 72, had been carried through 
the dialysis procedure employed in prepara- 
tion of UREA-TAM, except that urea was 
omitted. Results in Table III also compare 
effects of DNase and RNase on the same 2 
lots of UREA-TAM. In every case DNase 
destroyed the transforming ability, whereas 
RNase had no effect. Thus, destructive ac- 
tion of DNase on UREA-TAM appears to be 
specific. 

DNase activity of rabbit kidney tissue cul- 
tures. A consideration of importance was 
whether UREA-TAMS might not be de- 
stroyed by enzymes present in the tissue cul- 
tures, particularly DNase. Assays were 
made, therefore, of fluids from cultures of 
rabbit kidney. These fluids had remained 
on the tissue culture for 2 days prior to har- 
vesting them for the determinations. Visco- 
simetric procedure and units are described 
elsewhere(8). Results showed that rabbit 


TABLE III. Comparison of Effect of RNase and 
DNase on Transforming Activity of UREA-TAM. 


Enzyme Transfor- 
TAM lot used on =‘ Mation exp. 
numbers Treatment TAM Pos.t Neg. 
58, 72,74  Heat* alone DNase 4 0 
73, 74 ” * 4 urea ” 0 6 
73, 74 Idem RNase 7 0 


* 65°C, 12 min, 

+ Positive — transformation of fibroma to myx- 
oma virus took place in tissue culture. Negative = | 
no change in tissue culture. 
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_ kidney cells released a considerable amount 
of DNase I, 2.8-3.0 units/ml, and a small 
amount of DNase II, .15 unit/ml, into their 
nutrient media. The amounts of this enzyme 
remained fairly constant over a 2-week period 
in which the cultures increased in age from 
1 to 3 weeks. Fresh, uninoculated tissue cul- 
ture media had only .15 unit of DNase I/ 
ml and no detectable DNase II. Neither 
DNase I nor DNase II activity was detectable 
when tissue culture cells alone were frozen 
and thawed into a volume of saline about % 
that of the tissue culture fluid removed. It is 
probable that the quantity of cells in the sam- 
ple was so low that the methods employed 
would not detect the intracellular enzyme. It 
is clear, however, that most of the DNase I 
produced by kidney cells is released into the 
medium. Results of the above experiments 
led to a change in technics used. As described 
above, tissue cultures were washed in 3 
changes of nutrient fluid to get rid of all pos- 
sible DNase activity, prior to their inocula- 
tion with TAM plus fibroma virus. 


Discussion. Earlier studies(1) have indi- 
cated that TAM is essentially a myxoma vi- 
rus particle which has lost infectivity due to 
denaturation of its outer protein coat. The 
present problem has been to remove this coat 
and expose a postulated inner core of DNA. 
Two agents have been used in this attack. 
The first of them, a detergent, did not prove 
to be of use, in spite of one early success. 
Possibly conditions for its action are too 
critical. The action of a second agent, urea, 
was consistent and definite, for UREA-TAMS 
have proved susceptible to destructive action 
of DNase, in contrast to TAMS prepared with 
heat alone or heat followed by detergent and 
tested under same conditions. This effect of 
DNase appears to be specific 
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It is not yet possible to decide whether the 
particles of UREA-TAM are without a pro- 
tein coat or whether the DNase sensitivity re- 
sults from formation of crevices which permit 
approach of the enzyme to the nucleic acid. 
At least one consideration suggests that the 
final product is not completely free DNA. 
This is that activity of UREA-TAM is com- 
parable to that of TAM itself, whereas the 
viral activity of nucleic acids derived from 
viruses is generally very low, particularly with 
animal viruses as reported by Schramm(9). 
It is hoped that the nature of UREA-TAM 
may be elucidated by continued chemical, 
physical, and biological studies. 

Summary. (1) TAM (Transforming Agent 
Myxoma) became susceptible to destructive 
action of DNase when treated with urea. (2) 
DNase used under same conditions had no 
effect on TAM prepared by heat alone. (3) 
RNase did not destroy UREA-TAM. (4) 
Potency of UREA-TAM was comparable to 
that of heated TAM from which it was pre- 
pared. (5) Evidence accumulated indicated 
that myxoma DNA is intimately concerned 
with transformation of fibroma into myxoma 
virus in tissue culture. 
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Separation of Components of Guinea Pig Complement by Chromatography.* 
(24758) 


HERBERT J. Rapp, Maurice R. SIMS AND TIBOR Borsost 
(Introduced by M. M. Mayer) 
Department of Microbiology, Johns Hopkins University School of Hygiene and Public Health 
and School of Medicine, Baltimore, Md. 


The hemolytic action of guinea pig comple- 
ment (C’) on sheep erythrocytes (E) sensi- 
tized with rabbit antibody (A) to the Forss- 
man antigen has been resolved into a series 
of successive reaction steps represented sche- 
matically as follows(1,2): In this scheme, 


A C4, Ce C’ ayb 
E—> EA——> EAC’, = EAC’, ,4,2-———> H* 
Gar ro eee a ek y 
aaah Serre Ghost + 
Decay reaction hemoglobin 


C’;, C’s and C’, represent the first, second and 
fourth components of C’, as defined by the 
conventional component reagents(3), while 
C’, and C’, are provisional designations for 2 
components of C’ whose existence has been 
reported recently(2). Both C’, and C’, are 
distinct from C’;, C’s and C’, and either one 
or both of them in combination are identical 
with C’s, as defined in the conventional man- 
ner. The conversion of EAC’, 45 to E* by 
C’,» has been found to proceed without re- 
quirement of a divalent cation such as Ca** 
or Mg**, and hence can take place in the pres- 
ence of 0.01 M ethylenediamine tetraacetate 
(EDTA) (1,2). Further investigation of the 
C’ system, as well as studies in related fields, 
would be facilitated by availability of the C’ 
components in purified form. Pillemer et al. 
(4) have reported isolation of C’; and of a 
fraction possessing C’, and C’, activity 
from guinea pig and human sera by pre- 
cipitation with ammonium sulfate. Jon- 
sen et al.(5) have used precipitation with alco- 
hol for separation of C’,; from pig serum. 
These methods are cumbersome and the frac- 
tions so prepared have not found extensive 
application in studies of C’ action. Recently 
Peterson and Sober(6) introduced a technic 

* This work was supported by grants from Na- 
tional Science Fn. and by contract with Office of 
Naval Research. 
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for chromatographic separation of proteins 
with cellulose derivatives, such as diethyl- 
aminoethyl (DEAE)-cellulose. In particular 
it was shown that this method is useful for 
separation of serum proteins(7). In the pres- 
ent initial report the separation of C’s, C’,, 
C’, and C’, by chromatography of guinea 
pig serum, following in essence the simplified 
technic of Fahey ef al.(8), is described. Ina 
recent review by Sober(9) on the use of ion- 
exchange chromatography for protein frac- 
tionation, unpublished data of Becker are 
cited which also indicate successful separation 
of C’ components. 

Methods. Chromatography was carried out 
by the method of Fahey e¢ al.(8), except for 
omission of the pH gradient and other minor 
modifications cited below. Sixteen grams of 
N, N-Diethylaminoethyl cellulose (Eastman 
Organic Chemicals, No. 7392) were washed 
several times with 0.0375 M NaCl and ad- 
justed to pH 7.4 with HCl, washed again as 
before, and poured into a pyrex glass chroma- 
tography tube (2.7 cm I.D.). After sedimen- 
tation of adsorbent under gravity for one to 
2 hours, further packing was achieved by suc- 
tion at 8-10 psi. Ten ml of pooled guinea pig 
serum were dialyzed overnight against 2 
changes of 2 liters each of 0.0375 M 
NaCl. After removal of a white pre- 
cipitate by centrifugation at O°C for 20 
minutes at 3000 g, the supernatant fluid 
was applied to the column in a cold room at 
2-4°C. Approximately 60-70 ml of 0.0375 M 
NaCl were then passed through during 3 to 4 
hours. Fractions were collected at 30 minute 


intervals during this stage and during the | 


subsequent elution with a gradient of NaCl 
solution varying from 0.0375 M to 0.300 M 
(flow rate about 20 ml per hour). Collection 
was continued until about 1000 ml had been 
passed which gave a recovery of more than 


97% of the material responsible for absorp- — 
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tion of light at a wave length of 280 mx. 
Preparation and standardization of sheep 
erythrocyte suspensions, hemolytic antibody 
‘and C’ have been described(10). The diluent 
for all reagents was veronal-NaCl buffer con- 
taining 0.1% gelatin, 0.025% sodium bicarbo- 
nate, 0.00015 M Ca** and 0.0005 M Me**, 
unless stated otherwise. EAC’).4» was pre- 
pared by the method described earlier(11) 
which involves interaction of EA with undi- 
luted C’ in presence of Ca** and Mg** at 0°C 
for a brief period, usually about one-half hour, 
as determined by preliminary experiments for 
each lot of guinea pig C’. In some experiments 
the formaldehyde procedure(12) was em- 
ployed as follows: To 1.0 ml of guinea pig 
serum is added .15 ml of a dilution of forma- 
lin (36.3% formaldehyde) chosen to be just 
sufficient to destroy lytic activity. Usually 
treatment with a 1/72 dilution of formalin for 
40 minutes at 37°C + 0.5° is sufficient, but 
this should be checked for each lot of C’. 
One ml of this inactivated C’ is added to 5.0 
ml of EA containing 10° cells per ml, and the 
mixture is subjected to continuous, gentle agi- 
tation at 30.0°C + 0.025° for 45 minutes. 
The suspension is diluted with about 2 vol- 
umes of ice-cold veronal buffer containing 0.01 
M EDTA, centrifuged, washed and _ resus- 
pended in ice-cold EDTA-buffer to a concen- 
tration of 1.5 x 10° cells per ml. Since no E* 
formation occurs on treatment of EA with 
formaldehyde inactivated C’, it is not neces- 
sary to hold the cells for 4 hours at 0°C prior 
to use. EAC’; , was made from EAC’; ;» by 
incubation at 37°C for 90 minutes during 
which time reactivity of the cells with C’,), 
(C’ in 0.01 M EDTA) is lost, but lysability 
by C’, (complement lacking C’; and C’,) is 
retained(13). For assay of fractions for C’s 
activity, a 2-step procedure was employed. In 
the first step, EAC’;, suspended in veronal 
buffer containing Ca** and Mg** were exposed 
to the chromatographic fractions which had 
been adjusted to isotonicity after collection. 
In the second step, the EAC’; so formed 
were treated with C’, ,, to form E* which were 
allowed to lyse. Whole C’ in the presence of 
0.01 M EDTA served as a source of C’,,,. It 
is known that the amount of C’,), required to 
~ achieve a given degree of lysis of EAC’) 4» 


depends inversely on quantity of C’s used for 
generation of EAC’,,4 from EAC’;,. Thus, 
it is possible to perform assays for C’y activity 
by determining the dilution of C’,,, required 
to yield 50% lysis in the second step. Spe- 
cifically, 2 ml portions of each fraction to be 
tested were mixed with 1.0 ml of EAC’,.4 con- 
taining 10° cells. The mixtures were shaken 
continuously for 20 minutes at room tempera- 
ture (24°C) (First Step). After centrifuging 
and washing, the cells were suspended in ver- 
onal buffer containing 0.01 M EDTA to yield 
a concentration of 1.5 x 10% cells per ml, and 
0.5 ml of this suspension was added at 0°C to 
2.0 ml portions of whole C’ diluted in 2-fold 
steps in veronal buffer containing 0.01 M 
EDTA. The tubes were incubated at 37°C 
for 90 minutes with occasional mixing (Second 
Step). To each tube 5.0 ml of 0.15 M NaCl 
were then added and the mixtures centrifuged 
free of cells. Oxyhemoglobin concentration of 
the supernatant fluids was determined in the 
Beckman Model DU spectrophotometer at a 
wavelength of 410.5 my. Relative potency of 
each fraction with respect to C’ was expressed 
as the reciprocal of the final dilution of C’ 
necessary to achieve 50% lysis in the second 
step. For C’, and C’, assays each chromato- 
graphic fraction was tested on EAC’; 4 as 
substrate in the presence of either partially 
purified C’, or C, obtained from guinea pig 
serum by acid precipitation and methanol pre- 
cipitation, respectively, as previously de- 
scribed(2). Specifically, to assay for C’,, 1.0 
ml portions of appropriate dilutions of each 
fraction were mixed with 1.0 ml of C’, (acid 
precipitable factor), followed by 0.5 ml of 
FAC’; 42 containing 1.5 x 10% cells per ml. 
Conversely, assays for C’), were performed 
with C’, (methanol precipitable factor) as re- 
agent and EAC’,,» as substrate. The mix- 
tures were incubated at 37°C for 90 minutes, 
centrifuged and degree of hemolysis was 
measured as before. Assays for C’y activity 
were made with R, as described previously 
CSF: 

Results. A typical fractionation experiment 
is shown in Fig. 1. The contents of each tube 
collected during elution were anlyzed for pro- 
tein concentration by measuring light absorp- 
tion at a wave length of 280 mp, and in addi- 
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tion, conductivity measurements were made 
in order to determine salt concentration. The 
approximate location of C’ components was 
known from preliminary experiments, and on 
this basis the contents of appropriately se- 
lected individual tubes were analyzed for their 
C’ component activities as indicated in the fig- 
ure, \It.is evident. that.C,, Cy, Co»and CZ 
can be separated effectively. The titers of the 
complement components given in the graph 
represent relative measurements of activity. 


That C’, and C’, can be separated by 
chromatography confirms our earlier work in 
which it was shown that 2 factors so desig- 
nated are required for transformation of 
EAC’, ,» to E*. It is not known at present 
whether C’, and C’,, or both, correspond to 
C’, as defined in the classical sense with Rz 
as reagent. 

It is noteworthy that the C’,. C’, and C’, 
fractions had good stability. C’. has been 
stored at 2-4°C for several weeks without 
appreciable loss of activity; C’, and C’, have 
been kept for several days at 2-4°C with good 
retention of activity. By contrast, C’, and 
C’, obtained by methanol and by acid precipi- 
tation lose their potency in a matter of hours. 


The availability of these fractions in a state 
of functional purity and good stability makes 
possible new experimental approaches. For 
example, it has been found that conversion 
mob EAC’, 4 to EAC’; 4.0 with purified Cr ob- 
tained by elution from the column, is a most 
convenient way of preparing EAC’; 4.2 and 
yields a product which is far more reactive 
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with C’,, (C’ in the presence of 0.01 M 
EDTA) than preparations of EAC’;4.2 ob- 
tained by the methods used heretofore, 2.¢., 
treatment of EA with C’ at 0°C in presence of 
Ca‘* and Mg** for about 30 minutes or by 
treatment of EA with formaldehyde inacti- 
vated C’. In these procedures the tempera- 
ture of reaction or the concentration of for- 
maldehyde must be controlled rigidly to mini- 
mize formation of E*, but these restraining 
measures are a source of inconvenience and 
they inevitably reduce the efficiency of forma- 
tion of EAC’; ,.2. These limitations are obvi- 
ated by use of purified C’s. 


The ready separability of C’, and C’,, makes 
possible new and more effective studies of 
conversion of EAC’, ,. to E*, and of the re- 
lationship of these factors to C’s, as defined 
by the reagent R3. It may be postulated that 
an intermediate product exists between the 
EAC’, 4°» and E* stages and availability of 
C’, and C,,’ in a state free from the other com- 
ponents of C’ should facilitate the search for 
conditions appropriate for isolation of this 
postulated intermediate. This is desired, not 
only for clarification of the reaction mechan- 
ism, but also for improvement of analytical 
procedures of C’ component assay. 


It is difficult to relate the activities of the 
fractions obtained by elution from the chro- 
matographic column to the corresponding ac- 
tivities of complement components of the 
whole serum used as starting material. With 
respect to C’y, difficulty arises from the fact 
that an assay for C’s based on conversion of 
EAC’,4 to EAC’; 4.2 can only be performed 
in a valid fashion if the material to be assayed 
is free of C’,.,, and if inhibitors or destructive 
agents are absent. It is known that serum 
contains inhibitors or destructive factors 
which can interfere with the hemolytic action 
of C’(14). In the present fractionation ex- 
periments, a factor which inactivates EAC’; 4 
has been detected and localized in the C’, 
region. It is not known whether this destruc- 
tive agent is related to the esterase studied 
by Ratnoff and Lepow(15). 


It should be noted that significant loss in 
activity occurs during dialysis of the serum 
prior to chromatography. With respect to 
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lytic activity on EA as substrate, the loss ex- 
ceeds 95%; part of this is accountable as loss 
of C’, » (60-90%), as detected with EAC’; 4» 
as substrate. Currently, efforts are being made 
to reduce this loss by modification of the 
dialysis procedure. 

Summary. Fractionation of guinea pig 
complement by chromatography on diethyl- 
aminoethyl cellulose has been explored. C’s 
and C’,, as well as the components provision- 
ally designated as C’, and C’, which convert 
EAC’, ,2 to E*, can be separated from one 
another in a single pass, and the fractions so 
obtained possess good stability. 


The authors are indebted to Mr. Louis G. Hoff- 
mann for performing the assays for fourth compon- 
ent of complement and to Dr. Julie Hartmann and 
Mr. Charles Cook for analytical assistance. 
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C. H. ELtis anp A. W. KRAMER, JR. 
Wellcome Research Labs., Tuckahoe, N. Y. 


Pulsus alternans has been recognized as a 
symptom of considerable clinical importance 
since it was first described by Traube(1), but 
the fundamental mechanisms underlying it 
are not yet clearly understood(2,3,4). Ob- 
scurity of mechanism has resulted from want 
of a reliable method for its experimental in- 
duction in laboratory animals. Poumailloux 
(5) emphasized that most authors before 
1930 were satisfied with clinical description 
neither dependent on nor indicative of any 
causal relationship. With few exceptions later 
studies have been limited to observations on 
occasional patients in whom the condition 
was discovered at examination. The present 
paper presents a_ simple pharmacological 
method for inducing pulsus alternans in dogs. 


te ee ee ee 
* Presented in part at meeting of Fed. Soc., At- 
lantic City, April, 1959. 


Methods. Twenty-five mongrel dogs in ap- 
parent good health were used. Electrocardio- 
grams were recorded from limb electrodes 
through Sanborn preamplifier on either San- 
born Polyviso recorder or on Heiland record- 
ing galvanometer. With direct cannulation of 
vascular structures and appropriate Statham 
transducers, pressure changes were converted 
into electrical changes for recording. Femoral 
arterial pressure was used to represent sys- 
temic arterial pressure to avoid interfering 
with carotid sinus mechanisms. Cannulation of 
the ventricles was accomplished by direct 
puncture with 16 gauge needle. Flexible con- 
necting tubing of polyethylene permitted 
measurement for protracted periods without 
shifting of needle. Positive pressure artificial 
respiration was provided when spontaneous 
respiration was inadequate and in open chest 
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preparations. Injections of drugs were made 
into femoral vein via an inlying catheter. All 
animals were anesthetized with pentobarbital 
sodium (ca. 30 mg/kg i.p.). The following 
sympathomimetic amines were used to initiate 
mechanical alternation of pulse: epinephrine, 
neosynephrine, ephedrine, methamphetamine 
and methoxamine. As a matter of convenience 
methoxamine! was used in most experiments. 


Results. The sympathomimetic amines 
listed above induced mechanical alternation in 
one or more pentobarbitalized dog; some have 
consistently resulted in the phenomenon. Pre- 
dictability of response varied considerably 
among these drugs. Some compounds had 
more effect on heart rhythm, making analysis 
of the alternation difficult. Both “true” pul- 
sus alternans in which interval between 
weaker and stronger beats is equal, and pseu- 
doalternans in which the interval is unequal 
because of prematurity of ventricular contrac- 
tion have been encountered. Neosynephrine, 
ephedrine, methamphetamine and occasionally 
methoxamine resulted in bigeminal rhythm, 

pseudoalternans. Methoxamine usually 
did not cause PVC and alternation in pulse 
pressure was typical of ‘true’ pulsus alter- 
nans. Sometimes effects were mixed, and 
bigeminal rhythm replaced alternation in 
which no ECG evidences of premature con- 
tractions were seen. A 2 pg/kg dose of epine- 
phrine, for example, caused a brief period of 
pulsus alternans which began 16 seconds after 
injection, but persisted for only 5 seconds (7 
heart beats). It coincided with onset of 
moderate acceleration of sinus origin and 
with increased systolic and diastolic pressures. 
About 15 seconds later, a series of PVC alter- 
nated with sinus beats. Each PVC caused 
pulse pressure of smaller amplitude than the 
preceding beat of sinus origin. The beat 
which followed each PVC was stronger than 
those before the bigeminy. 


Characteristics of methoxamine-induced al- 
ternation. Mechanical alternation resulted 
from 43 of 55 doses of methoxamine (0.4 mg/ 
kg iv.). Differences between systolic pres- 
sure in weaker and stronger members of 


+ ‘Vasoxyl’ biand icine mite hydrochloiie Bute 
roughs Wellcome and Co. (U.S.A.) 
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FIG. 1. Pulsus alternans induced by 0.4 mg/kg 
methoxamine in a pentobarbitalized dog. Upper 
tracing — femoral arterial pressure in mm Hg. 


Lower tracing — Lead II ECG. Time = see. with 
each 10 see. interval indicated. Record begins 18 
see. after inj. 

FIG. 2. Pulsus alternans induced by 0.4 mg/kg 
methoxamine in a pentobarbitalized dog. Notice 
sudden onset following single premature ventricu- 
lar contraction at PC. Upper tracing = femoral 
arterial pressure in mm Hg. Center tracing = left 
ventricular pressure in mm Hg. Lower tracing = 


Lead II ECG. Time = see. Reeord begins 16 sec. 
after inj. 
FIG. 3. Bigeminal rhythm indueed by 0.4 mg/kg 


methoxamine in a pentobarbitalized dog. Traces 
to be identified as in Fig. 2. First part of record 
begins 7 sec. and second part, 25 see. after inj. 

paired beats varied from a few mm Hg to the 
entire pulse pressure when a pulse deficit oc- 
curred. The difference is increased by inject- 
ing a small additional dose of pentobarbital 1 
or 2 minutes before the methoxamine. Onset 
of alternation usually occurred during first 2 
minutes and persisted about 5 minutes, al- 
though both longer and briefer intervals were 
encountered. Three distinct patterns were 
found, 2 of which were ‘‘true” pulsus alter- 
nans, the third, pseudoalternans. Fig. 1 il- 
lustrates the most common type (26 of the 43 
instances) in which onset of alternation was 
gradual, becoming progressively more marked 
until frequently a 50% pulse deficit resulted. 


Druc-INpUCED Putsus ALTERNANS 


ECG showed no indication of drug activity~ 


other than slight slowing of sinus rhythm and 
periodic waxing and waning of amplitude of R 
associated with respiration. Sometimes a mod- 
erate increase in T amplitude in the weaker 
beats alternated with reduction of T in the 
stronger ones. Recovery involved gradual 
strengthening of weaker and weakening of 
stronger pulsations. 


In a second type (Fig. 2), alternans ap- 
peared suddenly, apparently the consequence 
of a single PVC. Except for the PVC the 
weaker and stronger beats followed one an- 
other after identical time intervals. Femoral 
arterial pulse rate was halved, but left ven- 
tricular pressure showed that the ventricle 
did contract in response to each impulse from 
the sinus pacemaker On alternate beats in- 
traventricular pressure failed to reach arterial 
diastolic pressure during the isometric phase 
and resulted in arterial pulse deficit. Onset of 
alternans was associated with PVCs in 8 ex- 
periments. In one instance alternation fol- 
lowed a premature auricular contraction. 


A third type of alternation occurred in 8 
of 43 instances, and was associated with not 
just a single PVC but with coupled premature 
beats characteristic of bigeminal rhythm in 
which a secondary ventricular pacemaker al- 
ternated with the sinus pacemaker. Fig. 3 
shows the definite prematurity of the weaker 
beats both in ECG and ventricular pressure 
tracings. The secondary pacemaker shifted 
considerably before becoming localized at the 
focus characteristic of the bigeminal rhythm. 


Twelve of the 55 doses of methoxamine did 
not result in alternation of the pulse. Only 4 
of these were initial doses. 


Discussion. Pulsus alternans has long been 
recognized as due to alternation in strength 
of ventricular contractions(6). When, in the 
weaker beats, intraventricular pressure fails 
to reach arterial diastolic pressure, aortic or 
pulmonary valves do not open, ejection is not 
achieved and arterial pulse deficit occurs. 
This emphasizes the necessity for recording 
more than one parameter when assessing drug- 
induced cardiovascular changes. In the ex- 
periments illustrated, the profound slowing 
of arterial pulse would not have been recog- 
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nized from the ECG which showed only a very 
modest bradycardia. 

Ventricular pressure tracings indicate car- 
diac origin of alternans. The weaker beats 
are not followed by normal beats, but by beats 
that are stronger than normal (4,5). 

Other pharmacological substances have 
been reported to produce pulsus alternans. 
Among these are glyoxylic acid(7,8), fluoro- 
acetate(9) and chloroform(10). All chemi- 
cal substances reported to result in systolic 
alternation are not listed here, but data are 
given to indicate that in pentobarbitalized 
dogs moderate doses of methoxamine hydro- 
chloride will usually induce some degree of 
pulsus alternans. Unlike glyoxylic acid and 
chloroform which are hypotensive, methoxa- 
mine is hypertensive. Alternation is usually 
related to the period immediately after peak 
of pressor response has been reached. 

Tachyphylaxis is indicated by frequent 
failure of repeated doses to cause alternation. 

Summary. Single i.v. injections of methox- 
amine hydrochloride into pentobarbitalized 
dogs usually resulted in a transient period of 
ventricular alternans often appearing as 50% 
pulse deficit. Although pseudoalternans as- 
sociated with PVC and coupling was seen, the 
majority of experiments exhibited “true” 
pulsus alternans in which a regular sinus 
rhythm was present. 
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Amount and Distribution of Amylophosphorylase in Uterus of the Rat.* 
(24760) 


GrorGE HERBENER! AND WILLIAM B. ATKINSON? 
Dept. of Anatomy, University of Cincinnati College of Medicine, Cincinnati, O. 


The amount and distribution of glycogen in 
component tissues of the uterus have been de- 
termined in a number of species and under a 
variety of physiological conditions. For the 
rat, histochemical studies have demonstrated 
that glycogen is present principally in smooth 
muscle of the myometrium and to a lesser ex- 
tent in the lumenal epithelium of the endo- 
metrium(1,2). Among steroid sex hormones, 
estrogens and testosterone promote formation 
of glycogen whereas progesterone does not af- 
fect glycogenesis(2,3,4,5). Despite the con- 
siderable literature on metabolism of glycogen 
in the uterus, very little is known about the 
activity of enzymes concerned with synthesis 
and utilization of glycogen in this organ. 
Goldberg, et al.(6), employing a histochemical 
procedure that probably demonstrated com- 
bined actions of amylophosphorylase and 
amylo, 1-4—1-6 transglucosidase, reported 
abundant polysaccharide formation in uterine 
musculature of human and rabbit and variable 
activity in endometrium of the former. Tak- 
euchi, et al.(7), using a histochemical method 
more or less specific for amylophosphorylase, 
found intense activity in uterine muscle of 
dog, horse and human, but reported that the 
enzyme was “not readily demonstrable” in 
uteri of rat and rabbit. The present investi- 
gation was undertaken to determine quanti- 
tatively the activity of amylophosphorylase in 
the uterus of rats treated with steroid sex hor- 
mones and to localize the enzyme by histo- 
chemical means. 

Materials and methods. Eighty-five young 
adult female albino rats were used. The ani- 
mals were bilaterally ovariectomized. Uterine 
phosphorylase was determined quantitatively 


* Aided by a grant from Nat. Cancer Inst., 
WES R.HEs: 

t Present address: Dept. of Zoology, University of 
Cincinnati, O. 

} Present address: Dept. of Anatomy, Univ. of 
Louisville School of Medicine, Louisville, Ky. 


in 63 rats as follows: One group of 10 con- 
trols received no further treatment. Remain- 
ing animals were divided into 5 groups of 8 
to 12, injected subcutaneously on each of 3 
consecutive days with either (1) 0.1, (2) 0.5, 
(3) 1.0 pg estradiol benzoate, (4) 0.5 pg es- 
tradiol benzoate and 1 mg progesterone con- 
currently, or (5) 1 mg progesterone alone. 
Crystalline hormones were used, daily dose 
administered in 0.05 to 0.1 ml of sesame oil. 
Twenty-four hours after last injection the 


animals were killed with chloroform, as were - 


the uninjected controls. Uteri were removed 
and one horn was weighed to nearest 0.1 mg 
with Roller-Smith torsion balance, then ho- 
mogenized in chilled Potter-Elvehjem appara- 
tus. The contralateral horn from each uterus 
was also weighed, then dried under infrared 
lamp to determine amount of dry tissue resi- 
due. Enzyme activity was assayed in dupli- 
cate in 0.2 ml aliquots of a 10% suspension 
of homogenized fresh tissue in 0.1 M NaF fol- 
lowing the procedure of Sutherland and Wosi- 
lait(8) with minor modifications. This meth- 
od utilizes rate of liberation of inorganic P 
from glucose-l-phosphate as the measure of 
phosphorylase activity. The results are ex- 
pressed as 0.01 mg of inorganic P liberated/ 
mg of dry tissue/10 minutes incubation at 
37°C. Localization of enzyme activity was 
determined histochemically in the remaining 
22 rats as follows: Frozen sections, 25 to 50 
w thick, were cut on clinical microtome from 
uteri of both untreated castrates and animals 
receiving various amounts of estradiol benzo- 
ate as indicated above. Freshly-cut sections 
were then incubated 30 minutes to 3 hours at 
37°C in the following mixture which was 
adapted from methods of previous workers 
(6,7,9): 


glucose-1-phosphate 50 mg 
muscle adenylie acid Oy” 
glycogen SORTS: 
distilled water 7.5 ml 


saturated Na acetate sol. 2.5 ” 
insulin 8.0 units 


i 


AMYLOPHOSPHORYLASE IN UTERUS 


TABLE I. Uterine Phosphorylase Activity in Sex 
Hormone-Treated Ovariectomized Rats. 


Phosphorylase 
No. of activity t 
Treatment* animals (mean + 8.E.) 
None 10 2.31 + .16 
-1 wg estradiol benzoate 12 2.21 + .22 
OD ug Idem 12 2.02 + .15 
1.0 ug e 9 1.79 + .22 
-5 wg estradiol benzoate 8 2.92 + .27 
and 1.0 mg pro- 
gesterone 
1.0 mg progesterone 12 3.11 + .32 


* Hormones administered subeut. once daily for 
3 days. 

+ Expressed as 0.01 mg of inorganic P liberated 

per mg dry tissue/10 min. ineubation at 37°C. 
The mixture was adjusted to pH of 5.5 with 
O.1N HCl. After incubation the sections 
were rinsed with water, floated onto glass 
slides and air dried. Newly-formed glycogen 
in the sections was visualized in one of 2 ways. 
In most instances slides were placed 5 minutes 
in 70%, 95% and absolute alcohol, each con- 
taining 1% iodine and 2% KI. The sections 
were then cleared in xylene and mounted in 
routine manner. The glycogen was stained 
brick red to brown, the color gradually fading 
after several weeks. In some instances, after 
formation of glycogen-iodine complex in an 
aqueous solution of 1% iodine and 2% KI, 
the sections were treated with 1% silver 
nitrate followed by a photographic de- 
veloper according to procedure of Lower 
(10) with minor modifications. This results 
in replacement of the red to brown glycogen- 
iodine complex with a permanent black pre- 
cipitate of metalic silver. Control sections 
were prepared by procedures outlined above 
except that glucose-1-phosphate substrate was 
omitted from incubation mixture. 

Results. The quantitative measurements of 
uterine phosphorylase activity are summar- 
ized in Table I. Statistical analysis indicates 
that there is no signicant difference in enzyme 
activity between any of the groups of hor- 
mone-treated rats and castrate controls. His- 
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tochemical studies revealed that in all animals, 
regardless of treatment, there was uniformly 
moderate to strong enzyme activity through- 
out the longitudinal and circular muscle of the 
myometrium and irregular and weak activity 
in the lining epithelium of the endometrium. 


It is clear from these observations that 
the morphologic distribution of phosphorylase 
in the rat uterus is the same as that of uterine 
glycogen. Since enzyme activity of these tis- 
sues, unlike their glycogen content, is not af- 
fected by castration and estrogen treatment, 
the immediate mechanism involved in deposi- 
tion of glycogen must be other than a change 
in enzyme activity. 

Summary. Amylophosphorylase activity of 
the uterus was determined both quantitatively 
and histochemically in castrate rats and rats 
treated with estrogen and/or progesterone. 
There was no signicant difference in enzyme 
activity between any of the groups of ani- 
mals regardless of treatment. Moderate to 
strong activity was uniformly present through- 
out the myometrium, whereas in the endo- 
metrium there was but irregular and weak ac- 
tivity in the lining epithelium. 
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Effects of Venous Infusion of Gaseous COs on Cardiac Output of Dogs.* 
(24761) 


F. G. Hatt AND JOHN SALzANO (With technical assistance of L. W. McLain, Jr.) 
Dept. of Physiology and Pharmacology, Duke University Medical Center, Durham, N.C. 


Gaseous COs may be infused into venous 
system of dogs at rates of 100 ml/min for 3 
hours without causing irreversible damage(1). 
A notable feature of the procedure is reduc- 
tion of arterial % HbO.. The following ex- 
periment indicates that poor oxygenation of 
arterial blood during infusion of CO, is not 
a result of pulmonary embolism with result- 
ant reduction in cardiac output. 


Methods. Procedure was essentially simi- 
lar to that previously followed(1) with addi- 
tion of cardiac output measurements utilizing 
dye-dilution technics with Evans blue dye, 
T-1824. Five dogs ranging from 13.2 to 
24.6 kg were used, average 19.4 kg. Each 
dog was observed several days prior to use 
and deprived of food for 24 hours before ex- 
periment. Dial in Urethane (Ciba), 55 mg/ 
kg body weight, was given intraperitoneally. 
A specially constructed tracheal cannula pre- 
viously described(2), with screen flow meter, 
was used. Recordings were made on Miller 
oscillograph. Arterial blood pressures were 
measured by Statham pressure transducer at- 
tached to polyethylene catheter inserted into 
right femoral artery. Blood samples for 
cardiac output determinations were collected 
from polyethylene catheter in left femoral ar- 
tery. Another polyethylene catheter was in- 
serted through left femoral vein to vena 
cava for infusion of pure gaseous COs at av- 
erage volume flow rate of 87 ml (STPD) of 
CO./min for 30 min. Blood gas analyses were 
made from samples drawn anaerobically from 
right femoral artery catheter immediately fol- 
lowing cardiac output measurements. Blood 
samples were analyzed for oxygen content 
and COs content using Van Slyke manometric 
procedures(3). Pulmonary ventilation was 
determined from the product of respiratory 
rate and tidal volumes measured by planimet- 
ric integration of the pneumotachogram. COs 
concentration in expired gas was continu- 


* Supported in part by U. S. Air Force. 


ously analyzed with Liston-Becker CO, ana- 
lyzer. Cardiac output was determined be- 
fore gaseous infusion, between 29th and 30th 
minutes of infusion and during 40th minute 
of recovery. A known volume of 0.5% Evans 
blue dye, approximately 0.2 mg/kg body 
weight, was injected into the vena cava from 
calibrated syringe for each determination of 
cardiac output.” The infusion catheter was 
immediately flushed with saline. Average 
concentration of the once-circulated dye and 
calculation of cardiac output was done ac- 
cording to methods recommended by Hamil- 
ton et al.(4). 

Results. A summary of respiratory and 
circulatory responses to average venous infu- 
sion of 2.6 liters of gaseous COs administered 
at average volume flow rate of 87 ml/minute 
is shown in Table I. Qualitatively the results 
are the same as those reported previously(1). 
Episodes of tachypnea, bradycardia and hy- 
potension were produced by gas infusion with 
fairly rapid recovery upon termination of in- 
fusion. Recordings made at various time in- 
tervals during infusion, showed a very rapid 
response to introduction of the gas with some 
indications of steady state during latter min- 
utes of infusion (Fig. 1). The most notable 
effect of the infusion was the marked increase 
in respiratory rate, which reached a peak 
shortly after infusion was begun, leveled to 
an approximately steady state, then decreased 
sharply when infusion was stopped (Fig. 1). 
All values reported are average ratios of ex- 
perimental to control values of each dog, so 
that each dog was his own control. Tidal 
volumes were relatively uninfluenced by infu- 
sion. Pulmonary ventilation was sharply in- 
creased, almost entirely as a result of rapid 
breathing rates (Fig. 1). Volume of COs in 
expired gas increased during infusion and ap- 
proached a value equivalent to pre-infusion 
volume plus infused volume/minute. Vol- 
umes of COs recovered in expired gas agreed 
fairly closely with volumes of COs infused. 
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FIG. 1. Influence of venous infusion of gaseous 
CO, on breathing rate, f; minute volume expired, 


Va; and volume of CO, expired/min. V,00,, in re- 
lation to control values before infusion. 
Cardiac outputs calculated for blood flow 
before, during, and after infusion are pre- 
sented in Table I. Cardiac output (blood 
flow) was 8.7% lower during 29-30th minute 


TABLE I. Summary of Respiratory Responses of 
5 Dogs to Venous Infusion of Gaseous CO.. 


After After 
30min, 40 min. 
Control infusion recovery 
Respiratory rate 19 63 35 
Tidal vol. (BTPS) 158 165 136 
Resp. min vol. (BTPS) 3.0 10.4 4.7 
CO, expired, ml/min. 101 179 109 
(STPD) 
Arterial % HbO, 90 78 90 
lay. 60 44 53 42 
Heart rate/min. 124 113 122 
Systolic blood pressure 131 116 115 
Diastolic blood pressure, 97 80 80 
mm Hg 
Cardiac output, 1/min. 2.5 yal 2.1 
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of infusion than during pre-infusion measure- 
ments. This difference was not statistically 
significant, t = 1.24, p =0.30. On the basis 
of these data, it is suggested that decreased 
arterial oxygen saturation during infusion of 
gaseous CQO, is most likely due in part to a 
significant Bohr effect and not to decrease in 
cardiac output. Something more than the 
Bohr effect is needed for a complete explana- 
tion. 


Summary. Cardiac output was measured in 
dogs before, during, and after intravenous in- 
fusion of gaseous CO. Slight decreases in 
output occurred but not great enough to indi- 
cate a significant impairment in blood flow 
through the pulmonary system. Infused COs 
moves rapidly into the expired gas. Lowered 
oxygen saturation of blood following infusion 
of COs can be explained in part by Bohr effect. 
However, this does not account entirely for 
level of oxygen unsaturation and something 
more than Bohr effect seems involved. 
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In a recent communication dealing with an 
estrogen-progesterone-histamine complex as- 
sociated with pregnancy in the rat(1) we in- 
dicated that estradiol appeared to release his- 
tamine. Spaziani and Szego(2) reported a 


*Supported in part by funds from Population 
Council of N. Y. 


+t This work was carried out at Physiological- 
Pharmacological Research Labs. of N. V. Organon, 
Oss. The author is greatly indebted to Prof. M. 
Tausk and Dr. G. A. Overbeek for cooperative hos- 
pitality, and to the technical staff who aided immeas- 
urably. 
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Concentration (above) and content (below) of 
histamine of uteri of spayed rat after single injection 
of 24.9 estrogen in ratio to control value 1,0 


Gaels 


drop of 6.9 »g/g to 3.7 in uterine histamine of 
the spayed rat after injection of estradiol. 
The present communication reports histamine 
releasing action of estradiol, estrone and es- 
triol, as determined by bioassay of extracts of 
uteri of spayed rats following a single injec- 
tion of estrogen. 

Methods. Adult female rats were spayed. 
Between 120 and 125 days thereafter, a single 
injection of 2 pg of estrogen, in 0.1 ml 
arachis oil, was injected intramuscularly. At 3, 
6, and 24 hr after administering the hormone, 
animals were killed, and uteri were removed, 
trimmed, weighed, and extracted in 10% TCA 
according to Parrat & West(3). Uteri of 5 
animals were pooled, and the extracts assayed 


on guinea pig ileum. Two samples of 5 rats 
each were used for each point; bioassays were 
repeated. Validation of histamine was by 
tripelennamine inhibition. Control values 
were from untreated spayed rats; 3 sets, each 
a pool of 5 rat uteri. 

Results. Fig. 1 presents reduction of uter- 
ine histamine after estrogen injection, in con- 
centration and total content, in ratio to con- 
trol value taken at 1. At the level used all 
estrogens behaved approximately the same. 

Discussion. Other observations consistent 
with these findings include local tissue re- 
sponse to histamine which parallels general 
and initial response of uterine tissue to estro- 
gens, namely, water imbibition, electrolyte 
shift, and increased permeability(2); deple- 
tion of tissue of mast cells by histamine re- 
leasers which parallels mast cell deple- 
tion of uterus and vagina of spayed rats and 
mice following injection of estradiol(4). 

In light of experiments of Kraicer and Shel- 
esnyak(5) who induced deciduomata in pseu- 
dopregnant rats by single subcutaneous injec- 
tions of histamine releaser, these findings af- 
ford a basis for explaining induction of deci- 
dual cell reaction in rabbits(6) and rats by a 
single injection of estrogen(1). They also 
have some bearing on initiation of nidation 
during delayed implantation of lactation(7) 
and experimentally delayed lactation(8); and 
they present a basis for relating reduction of 
uterine histamine prior to nidation(9) to 
estrogen required for nidation. 

It is noteworthy that the greater effective- 
ness of estradiol and estrone as compared with 
estriol in stimulating uterine tissue growth 
(6), a difference which does not exist with re- 
spect to initial water imbibition(10), also does 
not exist with respect to histamine releasing 
activity, at any rate not with the doses used. 
Studies with minimal effective doses are under 
way. 

Summary. Uteri of spayed rats showed sig- 
nificant reduction in histamine content and 
concentration following single intramuscular 
injection of 2 wg of estradiol, estriol, or es- 
trone as measured by guinea pig ileum assay 
of TCA extract of uteri. 
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In the past it has been found that adult 
dogs seldom survived when 4-5% of body 
weight in blood was removed rapidly (1-6). 
Observations(7.8) that newborn animals were 
more resistant to respiratory hypoxia than 
adults suggested that tolerance to hemorrhage 
might also vary with age and prompted the 
experiments below. 

Procedures. 213 mongrel dogs of various 
ages were anesthetized with ether, and blood 
removed rapidly from the heart with hepar- 
inized syringe and 19-gauge needle. Blood 
was weighed and hemorrhage defined in % 
of body weight. Hematocrit was determined 
by micro technic. After recovery from anes- 
thesia, animals were given food and water ad 
lib. In surviving animals a second hematocrit 
was taken 24 hours later. In another group 
of 108 animals an intraperitoneal infusion of 
saline, equal to 5% or 10% of body weight, 
was given as pretreatment 1-4 hours before 


bleeding. Blood volume was determined in 
14 dogs by Evans blue method of Gregerson 
(9). 

Results. Fig. 1 shows % survival of dogs 


subjected to various amounts of hemorrhage. 
For simplification, results were presented in 
2 categories: group A includes dogs 10 days 
and younger, group B older dogs. As shown 
in Fig. 1, when blood loss averaged 3.4% of 
body weight, survival was 52% in group A, 
and 57% in group B. However, when the 
hemorrhage averaged 5.2%, survival in group 
A was 22%, and in group B, 6%. Statistical 


tests of significance indicated the latter dif- 
ference was not likely due to chance (P = 
<0.001). 

In saline pretreated animals, absorption of 
fluid from peritoneal cavity was indicated by 
drop in hematocrit of about 10%. As shown 
in Fig. 1, saline failed to increase survival in 
either group A(P-=>0.2).or B(P =>0.4) 
to a statistically significant degree. The re- 
sults however, confirmed the finding of 
greater hemorrhage tolerance in younger ani- 
mals. 

Hematocrit changes with age have been de- 
scribed in detail elsewhere(10), and findings 
in our dogs were similar. In group A the ini- 
tial hematocrit averaged 45% in those that 
recovered, compared to 37% in those not re- 
covering. For group B these values were 
32% and 30%, respectively. Dogs surviving 
5.2% hemorrhage had a large decrease in 
hematocrit, the average value dropping about 
50% at 24 hours. 

Blood volume was not done on smallest ani- 
mals because of technical difficulties, but re- 
sults from 4 pups 10-16 days old showed aver- 
age blood volume of 10.1% of body weight. 
In 10 dogs 6 weeks or older blood volume av- 
eraged 9.6% of the weight. These results are 
similar to those reported by others(11,12). 
Since blood volume was a fairly constant frac- 
tion of body weight at all ages, it was assumed 
that hemorrhage on weight basis imposed the 
same relative blood loss on all animals. 

Discussion. The greater resistance, of 
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FIG. 1. Shaded bars, dogs 1-10 days old; open 
bars, dogs older than 10 days, ineluding adults. 
Total animals in each group shown by numerals 
inside bar. Above, % survival of untreated dogs of 
various ages subjected to large rapid hemorrhage. 
Below, % survival of dogs pretreated with saline. 


“60 


young animals to severe blood loss may be 
accounted for by one or more of the charac- 
teristics peculiar to the newborn. The central 
nervous system of neonatal dogs has been 
found highly resistant to respiratory hypoxia, 
and this may also imply high resistance to 
anemic hypoxia. The gasping movements 
seen after severe hemorrhage resemble those 
of hypoxia, and suggest cardiorespiratory fail- 
ure as the cause of death rather than hypoten- 
sive shock, particularly since fatalities usually 
occurred within minutes after blood removal. 
Those surviving longer probably succumbed 
to hypotensive shock or cardiac trauma. 
Erythrogenic factors that may contribute to 
survival in the newborn are high red cell 
count, and larger amount and greater oxygen 
affinity of neonatal hemoglobin(8,13). That 
animals surviving a large hemorrhage aver- 
aged higher hematocrits than those succumb- 
ing to the same blood loss, suggests that high 
red cell volume favors recovery. In adult 
dogs pretreatment with adrenolytic drugs or 
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surgical sympathectomy has been reported to 
increase tolerance to hypotension induced by — 


hemorrhage(14). In the newborn dog, in- 
complete state of autonomic development may 
be a contributing factor in tolerance to blood 
loss. Numerous other differences between 
young and old animals undoubtedly contrib- 
ute to hemorrhage resistance, since rats at 50 
days of age, when anoxia tolerance has been 
lost, withstand greater blood loss than older 
animals(8,15). 

In our experiments intraperitoneal saline 
failed to give protection against a large blood 
loss in either group A(P = > 0.2) or B(P = 
>0.40), although a favorable effect was sug- 
gested. Others have reported some beneficial 
results when dogs were pretreated with i.v. 
saline before hemorrhage(16,17). 

Summary. Dogs 10 days of age or younger 
had higher survival rates than older animals 
when subjected to rapid blood loss averaging 
5.2% of body weight. No difference in sur- 
vival was found when blood loss was 3.4%. 
Pretreatment with 5-10% of body weight in 
saline, given intraperitoneally 1-4 hours pre- 
viously, failed to protect against subsequent 
hemorrhage. 


1. Johnson, G. S., Blalock, A., Arch. Surg., 1931, 
V22, 020. 

2. Ivy, A. C., Greengard, H., Stein, I. F., Grodins, 
F. S., Dutton, D. F., Surg. Gyn. Obst., 1943, v76, 85. 

3. Elman, R., Lischer, C., Davey, H. W., Am. J. 
Physiol., 1944, v140, 737. 

4. Wang, S. C., Overman, R. R., Fertig, J. W., Root, 
W. S., Gregersen, M. I., ibid., 1947, v148, 164. 

5. Jacob, S., Weisel, H., Gordon, E., Korman, H., 
Schweinburg, F., Frank, H., Fine, J., zbid., 1954, v179, 
S207 

6. Watts, D. T., zbid., 1956, v184, 271. 

7. Fazekas, J. F., Alexander, F. A. D., Himwich, 
H. E,, ibid., 1941, v134, 281. 

8. Adolph, E. A., ibid., 1948, v155, 366. 

9. Gregersen, M. I., Stewart, J. D., ibid., 1939, v125, 
142. 

10. Ederstrom, H. E., DeBoer, B., Anat. Rec., 1946, 
v94, 663. 

11. Wang, C. I., Einhorn, S. L., Thompson, H. J., 
Walcott, W. W., Am. J. Physiol., 1952, v170, 136. 

12. Walcott, W. W., ibid., 1945, v143, 247. 

13. Darling, R. C., Smith, C. A., Asmussen, E., 
Cohen, F. M., J. Clin. Inv., 1941, v20, 739. 

14. Freeman, N. E., Shaffer, S. A., Schecter, A. E., 


+ VOC 


a 


Holling, H. E., ibid., 1938, v17, 359. 
15. Simms, H. S., J. Gen. Physiol., 1942, v26, 169. 
16. Ingraham, R. C., Wiggers, H. C., Am. J. Physiol., 
1945, v144, 505. 


ECHO Virus Type 12, Isolation and Characteristics.*t 


ECHO Virus Type 12 


743 


17. Necheles, H., Levinson, S. O., Janota, M., Ari- 
moto, F., Surg. Gynec. Obst., 1947, v84, 499. 


Received February 2, 1959. P.S.E.B.M., 1959, v100. 


(24764) 


Wittiam McD. Hammon, Davin S. YoHN AND Rose A. Paviat 
Dept. of Epidemiology and Microbiology, Graduate School of Public Health, University of Pittsburgh 


Although ECHO viruses have received con- 
siderable attention within the past 4 years, 
adequate descriptions of many prototype 
strains have been lacking. This report con- 
cerns isolation and characteristics of proto- 
type ECHO-12 virus. Included herein is a 
description of its properties in cell cultures, 
in laboratory animals and in serologic tests. 

Materials and methods. Monolayer cell 
cultures of trypsinized rhesus monkey kidney 
(MKCC) were used in isolation, neutralizing 
antibody (NA) tests, preparation. of virus 
pools, and plaque studies. Serologic methods 
have been described(1). Plaque studies were 
performed according to method of Hsiung and 
Melnick(2). Animals were immunized by 
repeated intramuscular injection of an emul- 
sion containing equal volumes of Arlacel- 
Bayol F adjuvant and unconcentrated un- 
treated virus-containing MKCC fluids. 

Results. Establishment of ECHO-12 proto- 
type virus. Prototype ECHO-12 virus, Travis 
2-85-4,8 as first described by ECHO Virus 
Committee(3), was isolated in 1954(4) from 
rectal swab taken Aug. 18, 1953 from a 
healthy 6-year-old son of an American mili- 
tary family (Travis) stationed at Clark Air 
Force Base (CAFB) in the Philippines. A 


* Aided by grant from National Fn. for Infantile 
Paralysis. 

+ This work was done under sponsorship of Com- 
mission on Viral Infections, Armed Forces Epidemio- 
logical Board, and supported in part by Offices of 
Surgeons General, Dept. of Army and Dept. of Air 
Force. 

t The authors wish to express appreciation to Miss 
Della M. Whitaker for technical assistance. 

§ 2-85 is the number given this child and 4 is the 
number of specimen from which virus was isolated. 


serum from this child taken 14 days earlier 
contained no detectable NA to this agent, 
whereas that collected 14 days after positive 
rectal swab had a titer of 1:128. Two and 3 
months following virus isolation the serum 
titer was 1:32(1). Prior to acceptance as 
ECHO-12 prototype, 2-85-4 virus and its 
antiserum (titer 1:1,000 vs. 100 TCID;») 
were tested reciprocally by our laboratory and 
those of Melnick and Sabin against 12 other 
original ECHO prototype viruses and _ their 
relatively low-titered antisera. These tests 
revealed no cross relationships. Subsequently, 
aliquots of ECHO-12, MKCC passage 5, were 
sent to Dr. Herbert A. Wenner and Micro- 
biological Associates for preparation of hyper- 
immune monkey and rabbit antiserum respec- 
tively. The composite NA tests with monkey 
antisera (Wenner) obtained in 4 different lab- 
oratories have been reported(5). It was found 
that low dilutions of Wenner ECHO-12 anti- 
serum neutralized significant amounts of 
ECHO viruses 1 and 8 and the original pro- 
totype ECHO-13 virus. In contrast, however, 
ECHO-12 virus was not neutralized by ECHO 
1, 8 and 13 antisera (Wenner). 

To investigate these findings the above 4 
ECHO prototype strains were purified by 
plaque isolation or terminal dilution passage 
and antisera prepared to these purified viruses. 
The results obtained in our laboratory with 
terminal dilution purified ECHO-12 antisera 
(titer 1:2,048) against approximately 100 
TCIDs» of purified ECHO viruses 1, 8, 12 and 
13 are shown in Table I. ECHO viruses 1, 8 
and 13 were not neutralized by this antiserum. 
No neutralization occurred when purified 
ECHO-12 virus was tested against antisera 
prepared to purified ECHO viruses 1, 8 and 
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TABLE I. Neutralizing Antibody Titers of a 
Monkey Antiserum Prepared to Terminal Dilution 
Purified ECHO-12 Virus. 


Purified ECHO virus types 


1 8 12 13 
TCID,, employed 50 20 500 20 
Type 12 serum titer* <4 <4 2,048 <4 


* Reciprocal of dilution ealeulated to afford pro- 
teetion to half of inoculated tubes. 


13 (not shown in Table I). ECHO-12 and 
its antisera were also tested reciprocally in 
MKCC against the other 23 presently recog- 
nized ECHO viruses, the 5 Coxsackie B vi- 
ruses, Coxsackie A-9 and the 3 polioviruses 
and their respective antisera; no cross-reac- 
tions occurred. 

General characteristics of ECHO-12 virus. 
Prototype ECHO-12 virus, 2-85-4 Travis, was 
not pathogenic for 1-day-old suckling mice 
tested by serial blind passage. Similarly it 
was not pathogenic for 7-day-old chick em- 
bryos inoculated by yolk-sac route. Adult 
guinea pigs and rabbits, given intramuscular 
injections, were not demonstrably ill. No ill- 
ness developed in 5 rhesus monkeys follow- 
ing intracerebral and/or intramuscular inocu- 
lation. No pathology was noted in brain and 
spinal cord of one monkey given intracerebral 
injection of virus 21 days previously. Cyto- 
pathogenic effect (CPE) in rhesus MKCC 
cannot be differentiated morphologically from 
that of most other enteroviruses. Strain 2- 
85-4 first shows CPE within 24 hours, pro- 
ceeds to completion within 4 to 5 days at 
which time it reaches endpoint of approxi- 
mately 10°7/0.1 ml. Replication of ECHO-12 
virus with CPE occurred in HEP #2, HeLa, 
and Detroit 504 Fb-L(6) cell lines and in pri- 
mary cell cultures of human amnion.|| No 
CPE was obtained with monkey heart cells 
(7) and with primary cell cultures of hamster 
and gerbil’ kidney. Large, 10-14 mm, round 
and clear plaques are produced on rhesus 
MKCC within 4 to 7 days. Hsiung and Mel- 
nick(8) reported that prototype ECHO-12 


|| Tests with human amnion cells were performed 
by Gladys Sather of this Department. 

{ Tests with gerbil kidney cells were performed by 
GC. M. Hodges and M. B. Dobkin of Dr. F. S. Cheev- 
er’s laboratory in this Dept. and results kindly given 
to us. 
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produces tiny delayed plaques on monolayer 


cultures of Erythrocebus patas MKCC. — ea 


ECHO-12 does not hemagglutinate chick 
red blood cells at 4, 25 and 37°C but does 
hemagglutinate human group O red blood cells 
at all of above 3 temperatures(9). Infected 
MKCC fluids can be used in complement fixa- 
tion (CF), NA and hemagglutination inhibi- 
tion (HAT) tests for viral identification with 
hyperimmune antisera and for detection of 
antibodies in human serum. Capillary tube 
precipitin and agar diffusion tests have given 
equivocal results. 


Geographic distribution. A total of 8 isola- 
tions of ECHO-12 have been made in this 
laboratory from material collected in the Phi- 
lippines, including one from throat swab.. 
Thirty Americans from CAFB were tested for 
NA, of which 50% were positive, 56% among 
adults and 20% among children. Antibodies 
were found in a single lot of Japanese gamma 
globulin tested. Several other isolations of 
ECHO-12 virus have been reported from 
United States and Mexico(5). 


Discussion. Absence of NA’s for any of 
the presently recognized MKCC cytopatho- 
genic enteroviruses in high titered ECHO-12 
rhesus monkey antiserum prepared with a 
pool of terminal dilution purified ECHO-12 
virus is interpreted to indicate that ECHO-12 
virus is essentially antigenically distinct from 
all these other viruses. There is no obvious 
explanation for the presence of detectable 
NA’s for ECHO viruses 1 and 8 in the ECHO- 
12 monkey antiserum prepared by Dr. Wen- 
ner(5), which titered 1:5,000 to 1:50,000. 
However, it is possible that since this anti- 
serum was not prepared with a pool of plaque 
or terminal dilution purified virus, a small 
amount of either ECHO-1 or 8 virus was 
present. It is also feasible that an antigen 
common to both ECHO-1 or 8 and ECHO-12 
actually exists and is demonstrable only when 
monkeys are highly hyperimmunized with 
ECHO-12 virus. Although Wenner ECHO-12 
antiserum neutralized the original ECHO-13 
prototype, 2-188-20 Hamphill(5), subsequent 
studies have shown that the new prototype 
strain, 11-4-1 Del Carmen, is not neutralized 
by this Wenner ECHO-12 antiserum(10). It 
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was also found that the original ECHO-13 
prototype strain was a mixture which con- 
tained predominantly ECHO-1 virus in late 
passages(10). 

Although no grouping of the ECHO viruses 
has been designated by the Enterovirus Com- 
mittee, ECHO-12 virus, because of its ability 
to produce plaques in both patas and rhesus 
MKCC, falls into the proposed group B of 
Hsiung and Melnick which contains types 7, 
8 and 12(8). The ability of ECHO-12 virus 
to hemagglutinate human type O erythrocytes 
at 4, 25 and 37°C but not chick erythrocytes 
is also typical of type 7 ECHO virus but not 
type 8; the latter virus apparently does not 
hemagglutinate(9). 

ECHO-12 virus was not found capable of 
producing observable illness in suckling mice, 
adult guinea pigs, rabbits, monkeys or em- 
bryonated eggs. 

The only association of this virus with hu- 
man disease to date is limited to serological 
rises in 2 patients with the aseptic meningitis 
syndrome(1,4). 

Summary. 1) ECHO-12 prototype virus, 
2-85-4 Travis, was isolated from rectal swab 
of a normal American child in the Philippines, 
collected in 1953. A rise in NA was demon- 
strated in serial serum specimens. This virus 
was antigenically distinct from all other cur- 
rently recognized enteroviruses which are cy- 
topathogenic for rhesus MKCC, as determined 
by reciprocal NA tests with all these viruses 
and their respective monkey or rabbit anti- 
sera. 2) Specificity and biologic properties 
of ECHO-12 virus in certain laboratory ani- 
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mals, chick embryos, and cell cultures are de- 
scribed. The ability of ECHO-12 virus to 
form plaques in both rhesus and patas MKCC 
and to hemagglutinate human type O erythro- 
cytes at 4, 25 and 37°C further distinguishes 
this virus from the first 19 of the 24 recog- 
nized ECHO types. Prototype ECHO-12 in- 
fected rhesus MKCC fluids can be used in 
CF, NA and HAI tests. 3) This virus has 
now been repeatedly isolated from individuals 
in the Philippines, from United States and 
Mexico. Antibodies are present in Japanese 
gamma globulin. One isolation of virus was 
made from a throat swab. 
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Since the work of Pfeiffer(1) on Hemo- 
philus influenzae, and of Novy and MacNeal 
(2) on Trypanosoma brucei, the nature of 
factors occurring in blood necessary for 
growth of certain microorganisms has been 


progressively elucidated Studies on the in- 
fluenza organism by Granick and Gilder(3) 
and on non-pathogenic members of the Try- 
panosomatidae by Lwoff(4,5) have revealed 
certain differences between porphyrin re- 
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quirements of those bacteria and pro- 
tozoa which cannot synthesize this type 
of compound. The literature in this field 
has been reviewed(6-7). All  investiga- 
tions on the function of porphyrins as growth 
factors have been conducted in vitro. Al- 
though some of above authors have mentioned 
the possibility that competitive inhibition of 
these substances might serve as an approach to 
chemotherapy we have not found any refer- 
ence to attempts to influence the course of ex- 
perimental infection in animals by antagonism 
of these metabolites. This article reports on 
effects produced by certain tetrapyrroles and 
their relatives in experimental infections with 
Trypanosoma congolense in mice, and our at- 
tempts to demonstrate their activity in other 
parasitic infections. 

Materials and methods. Compounds. The 
tetrapyrrole derivatives tested, their sources, 
and lot numbers (if known) are listed in 
Table I. Phthalocyanin and a number of 
simpler pyrrole derivatives synthesized in our 
chemical laboratories, both in Basel and 
Summit, were also tested. None of the latter 
group was active. The general nature of these 
compounds will be discussed below. Test Or- 
ganisms. The “Wellcome FN” strain of Try- 
panosoma congolense Broden, 1904, has been 
used recently because it produces, in mice, a 
subacute infection, less fulminating than that 
produced by parasites of the brucei-evansi 
group, but nevertheless fatal. Since deaths 
do not take place as rapidly as in infections 
with the latter group, more prolonged medica- 
tion is possible and more subtle effects on 
course of disease, such as those produced by 
anti-organ sera(8), or reticulo-endothelial 
blocking agents(9), which do not alter the 
course of infection with 7. equiperdum or T. 
gambiense, can be observed. This strain has 
been used, therefore, for preliminary screening 
of certain types of compounds because of its 
sensitivity, not as representative of trypano- 
somes in general. Compounds active against 
above strain were also tested in mice against 
other parasites: Trypanosoma  gambiense 
(“Wellcome TS” strain), Trypanosoma equip- 
erdum_ (‘“Pearce-Brown” strain), Trypano- 
soma cruzi (“Brazil” strain), Plasmodium 
berghei (“KBG!*®” strain), pinworms (Sypha- 
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cia obvelata and Aspiculuris tetraptera), and 
Nematospiroides dubius. 
golense (‘“Lumu” strain) was tested in rats, 
Leishmania donovani (“Khartoum” strain) in 
hamsters, and in vitro tests were made with 
Entamoeba histolytica (“F22T” strain). The 
compounds were dissolved or suspended in 
water whenever possible. Certain of those 
not readily soluble were put into solution with 
a small amount of potassium hydroxide and 
diluted to desired strength with horse serum, 
to maintain compounds in solution, and having 
no effect on parasitic infections as proved by 
controlled experiments. In preliminary screen- 
ing against 7. congolense the test compounds 
were injected intravenously into DBA mice, 
at maximum tolerated doses, a single dose each 
of 4 consecutive days. On day after first” 
medication, the animals were infected by in- 
traperitoneal inoculation with 500,000 para- 
sites/mouse. Usually 5 animals were used for 
each compound. In all tests all controls were 
dead by 9th day after infection. In about 
half the tests all controls were dead by 6th 
day. A record was kept of mortality up to 
60 days. Animals surviving at that time were 
considered cured. They harboured no para- 
sites and their bloods were not infective on 
subinoculation. After preliminary screening 
revealed activity in certain compounds, dose 
levels and schedules were varied to determine 
their influence on results. In experiments, in 
which 2 compounds were used, the medication 
period was limited to 3 days because when 2 
injections of these highly colored compounds 
were given each day (total of 6 injections) it 
became progressively difficult to locate and 
inject the tail veins. In in vivo tests with 
other parasites, listed above, the compounds 
were given at dose levels equivalent to or 
greater than those which produced effects in 
T. congolense infections with “Wellcome FN” 
strain. 

Results. Chlorophyllin and related com- 
pounds. Experimental infections with T. con- 
golense in mice could be cured by intravenous 
injections of sodium-potassium chlorophyllin. 
The results of tests involving various dose 
levels and schedules, are given in Table I. 
Some cure were effected even when the com- 
pound was given as late as 2 days after infec- 
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‘TETRAPYRROLE DERIVATIVES IN TRYPANOSOMIASIS 


TABLET. List of Tetrapyrrole Derivatives Used, 


Their Sourees and Lot Numbers. 


Compound Souree* Lot No.t 
Bilirubin NBC 8339 
Biliverdin Mann 4099 
Chlorophyllin, sodium potas- NBC 9473 

sium 
Chlorophyllin, magnesium Keystone —-K-1140 
water soluble (W-4) 
Chlorophyllin, sodium potas- a. 
sium copper 
Chlorophyllin, sodium cop- — Allen D-360 
per (100%) 
Chlorophyll, crude, water National 
soluble 
Chlorophyll, oil soluble Delta 
Deuteroporphyrin ss 
Hematoporphyrin Mann 1485 
NBC 8359 
- 3151 
Hemin 8278 
- 2820 
Mesoporphyrin Delta 
Phaeophorbide a K, & K. 118508 
4 b , 118518 
Phylloporphyrin ts 118528 
Protoporphyrin H. & M. ATT A2 29 
117.19.40 
Pyrroporphyrin K. & K. 118548 
Rhodoporphyrin a 118538 
Urobilin Delta 
Urobilingen om 
Uroporphyrin, dimethyl K. & K. 117208 
ester 


* Commercial sources as follows: Allen Chloro- 
phyll Co., Ltd., London; Delta Chemical Works, 
N. Y.; H. & M. Chemical Co., Santa Monica, Cal.; 
K. & K. Labs., N. Y.; Keystone Chemurgic Corp., 
Bethlehem, Pa.; Mann Research Labs., N. Y.; Na- 
tional Chlorophyll & Chemical Co., Lamar, Col.; 
Nutritional Biochemicals Corp., Cleveland, O. 

+ Blanks in this column indicate that lot numbers 
were not designated for products so marked. 


tion. Chlorophyllins in which magnesium had 
been replaced by copper, were also active 
against T. congolense at maximum tolerated 
doses but chlorophyll itself, in which the phy- 
tol group was still intact, was ineffective. The 
phaeophorbides, a and b, were inactive. When 
tested against Trypanosoma cruzi, T. equiper- 
dum, T. gambiense, and L. donovani, sodium- 
potassium chlorophyllin did not show activ- 
ity. It was likewise ineffective against mouse 
malaria and helminths studied and did not 
affect amebae in vitro, except at low dilutions 
(1:100). 

Porphyrins and bile pigments. Among por- 
phyrins tested only one, hematoporphyrin, 
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had significant activity. In Table IIT the re- 
sults of some tests are shown. It is apparent 
that hematoporphyrin acted similar to chloro- 
phyllin, producing some cures with as little as 
400 mg/kg. Comparable or greater amounts 
of deuteroporphyrin, mesoporphyrin, phyllo- 
porphyrin, protoporphyrin, rhodoporphyrin, 
and uroporphyrin were ineffective. Although 
no special precautions for avoiding sunlight 
were taken, no signs of light toxicity were 
noted. Certain differences in toxicity and an- 
titrypanosomal effect were noted between dif- 
ferent lots of hematoporphyrin.* Hematopor- 
phyrin was also tested against 7. cruzi infec- 
tion in mice; no activity could be detected. 
Of bile pigments, biliverdin and bilirubin af- 
fected T. congolense infections very slightly 
but urobilin and urobilinogen were completely 
ineffective at equivalent doses. 

Other compounds. A very slight delay dur- 
ing T. congolense infections was observed 
when phthalocyanin was used, but it is con- 
sidered possible that this effect is related to 
stimulation of the reticuloendothelial system 
which sometimes results when macromolecu- 
lar substances are injected intravenously (9). 
In addition to this substance which simulates 
the porphin nucleus, 4 porphyrin-like con- 
densation products of pyrrole with other or- 
ganic radicals were completely inactive. Fur- 
ther, to explore the possibility that there might 
be activity inherent in the pyrrole nucleus, 33 
other compounds were tested, 7 of which were 
pyrroles (2 of them polymers), 5 pyrrolines 
and pyrrolenines, 16 pyrrolidines (2 with 2 
pyrrolidine groups) and 5 pyrrolidones. None 
of these had significant activity. 

Reversal experiments. In a number of ex- 
periments to show that the activity of chloro- 
phyllin and hematoporphyrin lies in their abil- 
ity to interfere with porphyrin metabolism by 
substituting for hemin or protoporphyrin in 
synthesis of hemoprotein enzymes, hemin 
could completely reverse the effects of chloro- 
phyllin at certain dose levels. 


* Some authors(10) use the term ‘‘hematopor- 
phyrin” in quotation marks and point out that all 
“hematoporphyrins” they tested consisted of a large 
number of very closely related porphyrins. This 
heterogeneity may account for the differences we 
observed between lots. 
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TETRAPYRROLE DERIVATIVES IN TRYPANOSOMIASIS 


TABLE II. Survival of DBA Mice Infected with Trypanosoma congolense and Given Sodium 
Potassium Chlorophyllin Intravenously. 


OOO  \\\<owo9$s 


Dose levels 
(mg/kg) and 


% survivors 


Total dose No. of admin- Day on which On day last 
(mg/kg) istrations medication began controldied At 30 days 

1000 250 x 4 1 day before infection 100 100 

” ” 1 after ” ” 
800 200 x 4 1 before # 80 
” ” 1 ” ” 90 
750 250 X 3 1 after 100 
600 150 x 4 1 before és 40 
” ” at ” ” 20 
ys 200 X 3 il after 3 60 
” ” 9 ” ”? 40 
” ” 3 ” ” 0 
500 250 X 2 1 2 i 40 
4 125 x 4 1 before 60 20 
450 150 X 3 ut after 80 0 
400 100 x 4 1 before 100 0 
” ” 1 ” 60 20 
300 100 x 3 1 after 80 40 
250 250 X 1 1 s 100 0 
200 200 X 1 ut before 60 0 
Hi Same day as 100 40 
ag 50 xX 4 1 day before 40 20 
150 50 X 3 1 after 80 40 


In all tests reported here and in Table III there were 5 mice in a group and all controls were 
dead by 9th day after infection. In about half of the tests all controls were dead by 6th day. 


The ratio of hemin to chlorophyllin which 
demonstrated reversal, was 2 to 1. The num- 
ber of possible ratios which could be tested in 
mice was limited by the maximum tolerated 
dose of hemin on one hand and by minimum 
effective dose of chlorophyllin on the other. 
The latter dose, which could be depended upon 
to produce a demonstrable effect.in all tests, 
was 75/mg/kg/day for 3 days, and this effect 
could be completely reversed by 150 mg/kg/ 


day of hemin. A test in which these dosages 
were used is shown in Fig. 1. 

Hemin was also able to counteract the anti- 
trypanosomal effect of hematoporphyrin, but 
not completely, as it did with chlorophyllin. 
Protoporphyrin, however, was unable to re- 
verse the effects of either hematoporphyrin or 
chlorophyllin. All these effects and reversals 
first studied in mice infected with “Wellcome 
FN” strain and medicated intravenously, were 


TABLE III. Survival of DBA Mice Infected with Trypanosoma congolense and Given Hemato- 
porphyrin Intravenously. 


Dose levels 


(mg/kg) and 
Total dose 


% survivors 


No. of admin- Day on which On day last . 
(mg/kg) istrations medication began controldied At 30 days 
800 200 « 4 1 day before infeetion 100 100 
id 2 Idem .S 80 
600 150 x 4 + ‘ is 
% 200 X 3 ee 0 
‘ a Same day as infection 100 
4 74 ~ 1 day after 4 ‘ 60 
450 150 x 3 raat tj sf 4 
400 100 x 4 1 before 3 
300 100 x 3 1 after fy 0 
y oat ee : ° 
200 50 X 4 i before 60 0 


? 


TETRAPYRROLE DERIVATIVES IN TRYPANOSOMIASIS 


Number of Mice Surviving 


DAYS AFTER INFECTION 


FIG. 1. Reversal of effects of 75 mg/kg of chloro- 
phyllin by concurrent administration of 150 mg/kg 
of hemin in T. congolense infection in mice. Com- 
pounds were both given on 4 consecutive days, 
beginning on day before infection. 


subsequently confirmed in rats, infected with 
“Lumu” strain and medicated _intraperi- 
toneally. 


Discussion. Granick and Gilder(6) pointed 
out that chlorophyll, which occurs in chloro- 
plasts which also contain heme enzymes, is 
prevented from competing with heme for spe- 
cific heme apoproteins by having its pro- 
pionic acid groups either esterified with phytol 
or cyclized, with the resulting free carboxyl 
group methylated. In chlorophyllin these 
conditions no longer exist; there is one ioniz- 
able propionic acid group and the carboxyl 
group is also free. It seems logical, therefore, 
to assume its ability to compete with heme for 
positions in the metal containing enzymes or 
vitamins. 


Lwoff and Lwoff(11) concluded from res- 
piratory studies that hematin was needed by 
H. influenzae for synthesis of cytochrome, cy- 
tochrome oxidase, catalase and peroxidases. 
Granick and Gilder(3) found that growth of 
the influenza organism was supported, how- 
ever, not only by heme but also by protopor- 
phyrin, into which the organism was able to 
insert iron. They also found that growth of 
this organism was supported by iron hemato- 
porphyrin, iron deuteroporphyrin and _ iron 
mesoporphyrin, but that none of these por- 
phyrins without the iron would support 
growth. Upon this work is based the conclu- 
sion that the vinyl groups of -protoporphyrin 
are important to insertion of iron into the 
porphin nucleus by the organism. 

In Trypanosomatidae, however, the picture 
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is somewhat different. Strigomonas fascicu- 
lata requires for growth either iron protopor- 
phyrin or protoporphyrin alone, into which 
we can assume it is able to insert iron. But 
this organism cannot substitute deuteropor- 
phyrin, mesoporphyrin or hematoporphyrin or 
their corresponding iron containing com- 
pounds for the protoporphyrin requirement 
(4). ZT. congolense appears to have an even 
more specific requirement. Ability of hemin 
to reverse the action of chlorophyllin and 
hematoporphyrin in infections with this or- 
ganism and the inability of protoporphyrin 
to reverse the effect suggest that this parasite 
has a requirement that can only be satisfied 
by an iron porphyrin. 

It is a matter for some speculation as to 
why TJ. congolense is the only one of the 
pathogenic trypanosomes tested which can be 
affected by this competitive inhibition of an 
essential factor. According to Agosin and von 
Brand(12) 7. congolense occupies an inter- 
mediate position, in respect to its physiological 
characteristics, between 7. cruzi on the one 
hand and the brucei-evansi group on the other 
hand. Members of the brucei-evansi group 
are sensitive to arsenicals and to iodoacetate 
and this is taken as evidence of the impor- 
tance of sulfhydryl enzymes of the glycolytic 
chain. TJ. cruzi on the other hand is insensi- 
tive to sulfhydryl inhibitors, and 7. congo- 
lense is partially sensitive to these agents. 
Members of the brucei-evansi group are in- 
sensitive to cyanide, however, while 7. cruzi 
is cyanide sensitive. Again, T. congolense oc- 
cupies an intermediate position, being par- 
tially sensitive to cyanide. Sensitivity to cy- 
anide is taken as evidence of the presence of 
an enzyme system catalyzed by heavy metals 
and it is presumed this is a cytochrome system, 
although there is evidence that the oxidase of 
T. cruzi differs somewhat from the conven- 
tional cytochrome C oxidase(13). 

Rate of oxygen consumption of 7. con- 
golense is nearly as high as that of organisms 
of the brucei-evansi group; also high is the 
respiratory quotient which with the parasites 
of the brucei-evansi group is very low. It ap- 
pears that in maintenance of its high oxygen 
consumption and more complete glucose de- 
gradation 7. congolense is dependent on both 
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dehydrogenase and oxidase systems and it 
seems possible that interference with the latter 
by means of porphyrin antagonism is more 
critical for T. congolense because of the de- 
mands of its metabolism. 

It might be conjectured that the effects on 
an oxidase system should be readily detectable, 
if not more profound, in infections with 7. 
cruzi, the blood form of which is more sensi- 
tive to cyanide than T. congolense. Our ex- 
periments did not show this to be the case, 
however, and it will be recalled that not only 
is T. cruzi, in the blood stream, a consumer of 
less oxygen and much less glucose than T. 
congolense but also, in its intracellular phase, 
concerning the physiology of which little is 
known, it is protected from attempts to change 
its environment. 

Summary. A number of tetrapyrrole de- 
rivatives of both plant and animal origin were 
tested for ability to influence the course of 
Trypanosoma congolense infections in mice. 
Of these, chlorophyllins, containing either 
magnesium or copper, and hematoporphyrin 
were effective in delaying deaths from trypano- 
somiasis and with prolonged administration 
cures could be effected. The non-metallic 
phaeophorbide relatives of chlorophyllin were 
ineffective as were deuteroporphyrin, mesopor- 
phyrin, phylloporphyrin, pyrroporphyrin, rho- 
doporphyrin and uroporphyrin, as well as cer- 
tain bile pigments. The antitrypanosomal ef- 
fect of chlorophyllin and hematoporphyrin 
could be reversed, either completely or par- 
tially, by hemin, but not by protoporphyrin. 
The hypothesis that the mechanism of action 
of these tetrapyrrole derivatives in suppressing 
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trypanosome infection involves competitive in- 


hibition of a growth factor essential for the | 


parasite (apparently hemin, rather than pro- 
toporphyrin) seems to be supported by our 
experiments. Other species of hemoflagellates 
and certain other parasites were uninfluenced 
by compounds active in 7. congolense infec- 
tions. It is conjectured that sensitivity of this 
particular parasite may be attributable to a 
certain combination of physiological attributes 
which is not possessed by its relatives. 
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Induction and Maintenance of Mammary Growth and Lactation in Rats with 


Acetylcholine or Epinephrine.*t 
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Mammary growth and lactation can pro- 
ceed independently of connections to the ner- 

* Published with approval of Mich. Agr. Exp. Sta. 
as Jour. Art. No. 2388. 

+ This work was supported in part by NIH grant. 


vous system, as suggested by experiments in- 
volving mammary transplantation or ligation 
of nerves to the mammary glands(1): The 
nervous system can influence mammary func- 
tion, however, as indicated by observations 
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TABLE I. Effects of Acetylcholine and Epine 


hrine on Mammary Growth and Lactation. 


+ Avg 
» “ otal No. rats lactation Avg % 
roup No. rats Treatment. lactating rating parenchyma 
Virgin rats 

(1) 10 Controls, saline only, 15 d 0 0 7 

(2) 10 10 wg Est.,* 10 d; saline, 5 d 0 0 2 

(3) 5 25 mg Acetyl. t/kg/BW, 2x daily, 15 d 0 0 17 

(4) 5 10 ug Est., 10 d; 25 mg Acetyl./kg/ 4 3+ 27 
BW, 2x daily, 5d 

(5) 5 10 wg Est., 10 d; .25 mg Epin.,} 2x 5 5+ 41 
daily, 5d 

Lactating rats, litters removed 4th day postpartum§ 

(6) 5 Controls, saline 0 0 11 

(7) 5 25 mg Acetyl./kg/BW, 2x daily 5 3+ 26 

(8) 5 50 mg Idem 4 3+ 32 

(9) 5 22mg Epin., 1x daily 4 2 40) 

(10) + SoD GaP aK Ae 4 2 32 

* Est. = estradiol. +t Acetyl. = acetylcholine iodide. $¢ Epin. = epinephrine in oil. 


§ Inj. for 10 days after litter removal. 


that (a) application of fresh litters to the nip- 
ples of virgin rats can initiate mammary de- 
velopment and secretion, and (b) the milking 
stimulus is essential for maintenance of mam- 
mary function after parturition(2). Under 
any of these conditions, the possibility re- 
mains that the mammary gland may be par- 
tially under the control of neurohormones, 
which are released in the brain and stimulate 
pituitary function. Acetylcholine and epine- 
phrine have been shown to be involved in re- 
lease of LH during estrous cycle of the rat 
(3), and it was of interest to determine 
whether they could also influence mammary 
growth and secretion. 

Methods. To study the effects on mam- 
mary growth and initiation of lactation, virgin 
female albino rats (Carworth) weighing 175- 
200 g were injected subcutaneously as follows: 
1) controls, physiological saline only for 15 
days; 2) 10 yg estradiol+ in corn oil daily for 
10 days, followed by saline for 5 days; 3) 25 
mg acetylcholine iodide kg/BW twice daily 
for 15 days; 4) 10 yg estradiol daily for 10 
days, followed by 25 mg acetylcholine iodide 
(Eastman) kg/BW twice daily for 5 days; 5) 
10 pg estradiol daily for 10 days, followed by 
0.25 mg epinephrine in oil (Parke-Davis) 
twice daily for 5 days. To study the effects 
on maintenance of mammary structure and se- 


t Estradiol was kindly furnished by Dr. J. O. Reed 
of Foundation Labs., N. Y. City. 


cretion, the litters of lactating rats were re- 
moved on 4th day after parturition, and the 
mothers were injected subcutaneously for 10 
days as follows: 1) controls, physiological 
saline; 2) 25 mg acetylcholine iodide/kg/BW 
twice daily; 3) 50 mg acetylcholine iodide/ 
kg/BW twice daily; 4) 0.2 mg epinephrine in 
oil once daily; 5) 0.25 epinephrine in oil twice 
daily. All rats were killed on the day after 
Jast injection, and right and left inguinal 
glands were removed for gross and histological 
examination. Ovaries, uterus, adrenals and 
thymus glands from virgin rats were also ex- 
cised and weighed. Mammary glands were 
fixed in Bouin’s fluid and histological sections 
were stained with eosin and hematoxylin. Ar- 
bitrary lactation ratings of 0 to 5-++ were as- 
signed each gland upon microscopic examina- 
tion. Percentage of parenchymal tissue 
(ducts, lobules, alveoli) in each gland was also 
estimated. 


Results. The data are shown in Table I. 
In virgin rats, only a duct system and no se- 
cretion was present in the mammary glands of 
rats given saline (Group 1) or estradiol 
(Group 2), with somewhat greater develop- 
ment of the ducts in the latter group. Acetyl- 
choline iodide alone, without estradiol priming 
(Group 3), induced some duct growth in only 
2 of the 5 rats and no secretion, while Groups 
4 and 5, which received estradiol followed by 
acetylcholine iodide or epinephrine in oil, 
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FIG. 1-4. Mammary sections from virgin rats after 15 days treatment: 
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ae 


(1) control, saline; 


(2) estradiol 10 d, saline 5 d; (38) estradiol 10 d, acetylcholine iodide 5 d; (4) estradiol 10 4d, 


epinephrine 5 d. 


showed extensive lobule-alveolar growth and 
secretion in all except one animal. The effects 
of these treatments on the mammary glands 
are shown in Figs. 1-4. 

In parturient rats after litter removal, the 
saline-treated controls (Group 6) showed ex- 
tensive involution of the mammary system, 
with only collapsed islets of closed alveoli or 
masses of epithelial cells, and no secretion. 
Injections of acetyl choline iodide (Groups 7 
and 8) or epinephrine in oil (Groups 9 and 
10) retarded mammary involution and main- 


x 100. 


tained lactation in most treated rats. The 
larger doses of these drugs appeared to be no 
more effective than the smaller doses in pro- 
longing mammary function. Representative 
histological sections of the mammary glands 
from these groups are shown in Figs. 5-7. 

In all animals which received acetylcholine 
iodide, there was some salivation and appear- 
ance of a porphyrin-colored secretion on the 
surface of the eyes within a few minutes after 
injection, which disappeared shortly there- 
after. No obvious symptoms were noted fol- 
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Mammary sections from parturient rats, 


FIG. 5-7. 
10 days after litter removal: (5) control, saline; 
(6) acetylcholine iodide; (7) epinephrine. 125. 
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lowing epinephrine injections. None of the 
rats given the drugs died or lost body weight, 
and there was no apparent alteration in 
weights of ovaries, uterus, adrenals or thymus 
glands in virgin rats. When acetylcholine io- 
dide was given alone to normal cycling rats 
(Group 3), no changes were observed in the 
regularity of the estrous periods, as judged by 
examinations of vaginal smears for 2 weeks 
before and during the 15-day period of treat- 
ment. 

Discussion. The mechanism(s) by which 
acetylcholine or epinephrine induced or main- 
tained mammary development and lactation 
in these rats remains to be elucidated. It is 
possible that they elicited a release of prolac- 
tin and perhaps other hormones favorable to 
mammary growth and secretion. Since 
weights of the ovaries, uterus, adrenals and 
thymus glands remained unchanged, nor were 
estrous cycles disturbed in the rats given 
acetylcholine iodide alone, it seems unlikely 
that the neurohormones acted through altering 
the secretion of pituitary gonadotropins (FSH 
and LH) or ACTH. 

Mammary growth and secretion in virgin 
rats were induced only after priming with es- 
tradiol, while acetylcholine iodide alone ap- 
parently had little or no effect on the mam- 
mary system. Epinephrine without estradiol 
priming has not yet been tested.’ Estrogens 
alone have been shown to induce mainly duct 
growth(4) and increase pituitary prolactin 
content(5), but initiate secretory activity only 
if the rats are ovariectomized(6). It is re- 
markable therefore, that injections of acetyl- 
choline or epinephrine produced lobule-alveo- 
lar growth and initiated lactation in 5 days in 
the intact, estrogen-primed rats. More re- 
cently, we have observed  lobule-alveolar 
growth and lactation when neurohormones 
were injected together with estradiol rather 
than in sequence. 

The results of the present study can be com- 
pared with those previously reported with res- 


§ AppeNpuUM. In subsequent experiments, injections 
of epinephrine alone into intact rats for 15 days failed 
to induce mammary growth or lactation, and did not 
alter the estrous cycle. Estrogen priming therefore 
appears to be essential for the mammary-stimulating 
action of epinephrine. 
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erpine, which induced mammary growth and 
lactation following estrogen administration in 
virgin female rabbits(7) and rats (unpub- 
lished), and retarded mammary involution 
and prolonged secretory activity in parturient 
rats after litter removal(8,9). Reserpine also 
increased prolactin content of the rabbit pitui- 
tary(10). We recently observed that serotonin, 
which is released from the brain following res- 
erpine administration(11), can also stimulate 
mammary growth and initiate secretion in the 
rat following estrogen administration (unpub- 
lished) These studies suggest that acetyl- 
choline, epinephrine and perhaps other neuro- 
hormones such as serotonin may be involved 
in normal mammary development and lacta- 
tion This aspect of the problem is currently 
being investigated 

Summary. 1. When virgin rats were in- 
jected subcutaneously for 10 days with 10 pg 
estradiol daily, followed by twice-daily injec- 
tions of 25 mg acetylcholine iodide/kg/BW or 
0.25 mg epinephrine in oil for 5 days, exten- 
sive lobule-alveolar growth and lactation oc- 
curred. Rats given estradiol or acetylcholine 
iodide alone showed little or no mammary 
growth, and no secretion. Weights of ovaries, 
uterus, adrenals and thymus glands were not 
changed by treatment with either neurohor- 
mone, nor was the estrous cycle disturbed in 
rats given acetylcholine iodide alone. 2. 


LympuH GLUCOSE IN RAT 


When the litters of lactating rats were re- 
moved on 4th day after parturition, and the 
mothers injected with acetylcholine iodide or 
epinephrine in oil for 10 days, mammary in- 
volution was retarded and secretion was main- 
tained. Rats given saline during this period 
showed extensive disintegration of the mam- 
mary system and no secretion. These experi- 
ments suggest that the 2 neurohormones may 
induce release of prolactin and perhaps other 
factors from the pituitary favorable to mam- 
mary growth and lactation. 
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Effect of Adrenalectomy and Hydrocortisone on Lymph Glucose in Rats.* 


(24767) 


GERALD F. HUNGERFORD 
Dept. of Anatomy, University of S. California, Los Angeles 


That glucose concentration of peripheral 
lymph is in equilibrium with blood plasma 
glucose has been established by experiments 
on dogs and cats(1,2). It is also generally 
stated that glucose absorbed through the in- 
testinal mucosa is carried away by the blood 
vascular system almost entirely, the lym- 
phatics playing a minor role(3). However, 


* Aided by USPHS Grant, work perfermed at 
George Washington Univ., Washington, D. C. 


direct observations have been few and often 
contradictory. The purpose of this research 
was to reevaluate the role of the lymphatic 
vessels in transporting absorbed glucose in the 
rat; and to determine whether or not endo- 
crines may be able to influence this mechan- 
ism. 

Materials and methods. Male Albino rats, 
200-350 g body weight were maintained on 
stock diet of laboratory pellets until use. 
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TABLE I. Glucose Concentration in Thoracic Lymph, Arterial Plasma and Venous Plasma of 
ats. : 
e6eu6Ve_eaea_"a—e—eé06—w=»=amyxy*éoD0oonooOowonm@qyw#w#snh@Ow#w#“c"9'"9WwTyTWwOoTOnO0O00O”$qNsSNS ee 


“ : Arterial Venous Total 
; Lymph aymph plasma plasma lymph 
Body No. of flow, glucose glucose glucose glucose, 
Group wt, g Gavage animals ee/hr ong %————_, mg 
Intact rats 
Zit 349 None 9 9 +.09* 161+ 8* 211+14* 136+ 7* 
EE 240 12 624.01 118+ 5 146+ 8 100+ 7 RUE 
Tir 221 H,O, 5 ce 10 78+.05 110+ 6 98+ 9 85+ 4 .86 
IV 246 = 250 mg glucose 6 834.13 173+ 5 129+ 5 102+ 8 1.43 
in 5 ee 
iv 262 1,000 mg glucose 10 LI2+.14 242+14 182412 161+11 2.70 
in 5 ee - a 
Adrenalectomized rats 
we 291 None if 95 +.23 60+ 56 594 °7 55+ 4 57 
VII 254 H.O, 5 ce 6 s OS Sat 78 += 6 67+10 594 7 87 
VITT 282 1,000 mg glucose 9 97 2.18 94+ 6 66+ 6 584 4 pot 
in 5 ee yy 
Adrenalectomized rats pretreated with hydrocortisone 
Ix 264 None 8 W4+.0% W1+11 122415 111+13 .82 
x 294 HO, 5 ee 8 89 =.01 104215 1032 8 104-412 90 
XI 266 1,000 mg glucose 12 2.10 +.28 182-20 172 +21 160+20 3.82 
in 5 ce 


* Mean values + stand. error. 


Lymph was collected for one hour periods 
from jugular lymph sac in the neck(4) while 
animals were maintained under nembutal 
anaesthesia. Lymph collections were started 
15 minutes after gavage in those animals re- 
ceiving fluids (water or glucose solutions) by 
stomach tube. At termination of lymph col- 
lection, the abdominal cavity was opened and 
blood samples taken from inferior vena cava 
and abdominal aorta. Lymph and blood sam- 
ples were heparinized. Adrenalectomized ani- 
mals were used 7-10 days after operation and 
were maintained on 1% NaCl for drinking 
purposes during that period. Normal rats 
were fasted overnight (18-20 hours) before 
use. Adrenalectomized rats fasted overnight 
had lymph flows so low that they could not be 
measured. Therefore, all adrenalectomized 
rats were fasted only 4-6 hours before use. 
Glucose determinations were made on lymph, 
and arterial and venous plasma using Nelson’s 
modification of the Somogyi technic(5). In- 
testinal contents of a few animals were ana- 
lyzed to estimate amount of glucose absorp- 
tion. Hydrocortisone acetate in saline suspen- 
sion (Merck)+t was injected subcutaneously 
15 mg/day for 3 days, the animals being used 
4-5 hours after last injection. 


+ Kindly supplied by Merck & Co. 


+ Group I non-fasted, lymph collection for 90 min. period. 


Results of the experiments are presented in 
Table I. Lymph glucose concentration of 
fasted normal rats (Group II) is between that 
for arterial and venous plasma, suggesting 
that lymph glucose levels are in equilibrium 
with blood plasma glucose, probably at the 
capillary level. These same relationships pre- 
vailed in normal non-fasted rats (Group I). 
This observation essentially confirms findings 
of other workers(1,2) who used other animal 
species. 

Administration of glucose solutions by 
stomach tube to normal fasted rats resulted 
in higher glucose concentrations in both blood 
plasmas and lymph. However, total amount 
of glucose in lymph was small. Less than 
0.3% of absorbed glucose could be accounted 
for by direct passage to lymphatic vessels, re- 
gardless of manner of calculation. A portion 
of this small amount can probably be ac- 
counted for by passage to blood vessels first 
with subsequent filtration to the lymphatic 
stream in the general lymph-forming capillary 
beds. 

The question arises whether or not glucose 
actively enters the blood capillaries of the 
gut at a more rapid rate than it would enter 
lymph capillaries. On the other hand, both 
blood and lymph capillaries may be equally 
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capable of taking up glucose at the same rela- 
tive rate, after it has passed through the in- 
testinal mucosa, the difference being accounted 
for on the basis of rapidity of blood flow as 
compared to the sluggishness of lymph forma- 
tion. From the data obtained in fasted nor- 
mal rats where lymph glucose would seem to 
be in free equilibrium with blood plasma glu- 
cose in the general lymph-forming capillary 
beds, the latter possibility would seem to be 
the best one. 

In the period after gavage (75 min) about 
90% or 900 mg of glucose was absorbed 
(Group V). On the basis of data from Rein- 
inger and Saperstein(6) the blood flow 
through the gut in fed rats of 250 g B.W. is 
9.4 cc/min which would equal about 388 cc 
plasma/75 minutes (9.4 & .55 & 75). There- 
fore each cc of plasma circulating through the 
intestine must have taken up about 2.3 mg of 
glucose on the average. One cc of lymph 
(Group V) calculates to contain 2.4 mg of 
glucose. These calculations are, of course, 
estimates. Some of the lymph glucose must 
have come from other lymph-forming capil- 
lary beds. However, it would seem that one 
need not assume a more specific role of the 
blood capillaries in the uptake of absorbed 
glucose from the gut than can be accounted 
for on the basis of the difference in rates of 
blood flow and lymph formation. It would, 
therefore, appear that the blood carries about 
400 times more glucose away from the gut 
than does lymph. 

It is well known that blood sugar is low in 
adrenalectomized animals(3). In all adrenal- 
ectomized groups (VI, VII, VIII), both 
plasma and lymph glucose values were low. 
Gavage of glucose solution failed to elevate 
these values, probably because of poor intes- 
tinal absorption. Pretreatment of adrenalec- 
tomized rats with hydrocortisone returned 
plasma and lymph glucose values toward nor- 
mal levels (Groups IX, X and XI). It is of 
interest that lymph flow in Group XI (hydro- 
cortisone treated, adrenalectomized rats, ga- 
vaged with glucose) was increased more than 
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100% over control groups. In group X, an 
equivalent gavage with water did not have the 
same effect and in Group VIII, glucose gavage 
in untreated adrenalectomized animals also 
failed to increase lymph flow. The increased 
lymph flow in Group XI represents a large 
percentage of amount of fluid administered 
and, therefore, probably cannot be accounted 
for by direct transfer from the gut to the 
lymphatic stream. An alternate explanation 
is that hydrocortisone “expanded” the extra- 
cellular space, causing a transient edema and, 
therefore, an increased lymph flow, this effect 
being apparent only in the case of glucose 
gavage. 

Summary. 1. It is confirmed that in the 
fasted state lymph glucose is in equilibrium 
with blood plasma glucose, probably at the 
capillary level. 2. Less than 0.3% of ab- 
sorbed glucose appears in the lymphatic 
stream. 3. The greater quantity of glucose 
which enters the blood capillaries in normal 
fasted rats is explained on the basis of dif- 
ference in rates of blood flow and lymph for- 
mation rather than endothelial selectivity 4. 
Plasma and lymph glucose values are low in 
adrenalectomized rats but are returned toward 
normal by pretreatment with hydrocortisone. 
5. Lymph flow in hydrocortisone pretreated 
rats is increased by 100% after gavage of 
glucose solution but not after water gavage. 


Acknowledgment is made to Chester Wong for 
technical assistance. 
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Bioassay Methods for Streptovitacin A.* 
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(24768) 


(Introduced by J. S. Evans) 


Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


A technic(1) for determination of in vitro 
carcinolytic activity of chemical compounds 
using a mammalian tissue culture system has 
been adapted to the assay of fermentation 
beers and extracts for cytotoxic activity. The 
assay of streptovitacin A, a new antitumor 
agent (2-7), in a tissue culture system is here 
described. 


Materials and methods. Basic tissue cul- 
ture technic is that of Eagle and Foley(1). 
Eagle’s line of human epidermoid carcinoma 
was used for all assays. Stock cultures of KB 
cellst were maintained in Roux bottles con- 
taining approximately 100 ml of Eagle’s basal 
medium?(8) plus 10% horse serum. Cell 
population was determined by measuring the 
protein content(9). Stock bottles were planted 
with approximately 1 mg of cell protein, fed 
every 48 hours with 100 ml of fresh medium, 
and always fed 24 hours prior to subculturing 
or assay. For subculture, the medium was re- 
moved by decantation, the cells were scraped 
gently into 10 ml of fresh medium with a rub- 
ber policeman and were dispersed by rapid 
pipetting through a serological pipette. An 
aliquot was centrifuged, washed twice with 
Earle’s salts (minus bicarbonate) (10) and the 
protein content determined. The cell suspen- 
sion was diluted to give approximately 25 pg/ 
ml of cellular protein, which was then gassed 
with 50% COz in air. When 2 ml were dis- 
pensed into 16 x 150 mm test tubes, the pH 
equilibrated to approximately 7.2 at 37°C. 
Each tube was swirled thoroughly and incu- 
bated at a 5° angle at 37°C. At 24 hours the 
agent under test was introduced in fresh me- 


* The author wishes to acknowledge the valuable 
technical assistance of Mr. W. L. Lummis. Statistical 
analyses were performed by Dr. O. S. Carpenter, and 
Walker-256 assays by Dr. J. S. Evans. 
preparations were furnished by Dr. T. E. Eble, M. E. 
Bergy, and C. M. Large. 

+ Kindly supplied with much helpful advice by 
Drs. Harry Eagle and George Foley. 


Extraction 


t Purchased from Microbiological Associates. 


dium and appropriate media changes were 
made on the controls. At 72 hours, the me- 
dium (or medium plus agent) was renewed in 
all tubes, and at 96 hours protein content of 
the tubes was determined. For protein assay, 
the medium was removed by decantation, the 
tubes washed with two 5 ml portions of 
Earle’s salts (minus bicarbonate) and the 
washed cells dissolved in biuret reagent. Pro- 
tein content was determined by the Folin- 
Ciocalteau method(9). Results of tissue cul- 
ture assay are expressed as ID; (inhibitory 
dose for 50% inhibition) in ng/ml, calculated 
by plotting log of drug concentration vs per 
cent inhibition. Per cent inhibition was cal- 
culated from the following formula: 


Final protein content in controls 


— final protein in tubes with agent oh 
00. 


Jo 1 = — eP a 

Final protein in controls — initial 

protein in controls 
No corrections for medium blanks were made. 
Although minimum proliferation of KB cells 
in the absence of inhibitory agent of 6-fold 
was established as baseline for a successful 
control series, the cells generally increased 
from 7- to 8-fold in the 4 day test period. 

Results. The log of drug dose was 
plotted against the % inhibition of KB cells 
in tissue culture, using crystalline streptovita- 
cin A (Fig. 1). Determination of streptovita- 
cin A activity on 4 different weeks can be 
plotted on a single, straight-line dose-response 
curve. Standard deviation per ID;o deter- 
mination was 15% and per relative potency 
assay (comparing one material with another) 
was 8%, indicating that KB tissue culture 
assay for streptovitacin A is highly sensitive 
and reproducible. ID;o of crystalline strepto- 
vitacin A, calculated from the results pre- 
sented above, was 0.055 pg/ml. 

Activity of streptovitacin A in fermentation 
beers and extraction preparations was deter- 
mined in an effort to follow the antitumor ac- 
tivity of crude materials. Figs. 2 and 3 show 
that several weeks’ assays of crude strepto- 
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PREP: 3809-MEB=-85 
- (Crystalline) 


DOSE, yg./ml. 
° 
o 
a 


* 10,97 0.055 ya./ml 


x = Week 2 
O = Week 3 
4 = Week 4 


0 20 40 60% .- i860 100 
% \NHIBITION 


FIG. 1. Dose-response curve of crystalline strepto- 
vitacin A vs KB eells in vitro. 


vitacin preparations can be plotted on a sin- 
gle dose-response curve, as in the case of 
crystalline streptovitacin A. Further, the 
slopes of dose-response curves for crude and 
crystalline streptovitacin preparations were 
nearly identical (Figs. 1-3). ID» for prepara- 
tion 3699-CML-70 was 0.85 »wg/ml and for 
preparation 3587-TEE-98 it was 0.1 pg/ml. 

Relative potencies of the above streptovita- 


04 
PREP: 3587-TEE-98 
0.3 


ID59= 0.10 meg./ml. 


DOSE , n9./ml. 
oO 


4 = Week | 
© = Week 2 
x = Week 3 


0 20 40 60 80 100 
% \NHIBITION 

Dose-response curve of partially purified 
preparation of streptovitacin A. 


AG ee 


cin preparations were compared with relative 
activities obtained by an im vivo assay 
(Walker-256) and in vitro S. pastorianus 
assay(5)(Table I). The tissue culture assay 
was an accurate and reliable measure of the 
streptovitacin A content of crude preparations 
over a range of approximately 16 fold purifi- 
cation, and could have been used for isolation 
and purification of streptovitacin A, after cy- 
cloheximide had been removed. 


The actinomycete which produces strepto- 
vitacin A also synthesizes cycloheximide. Ac- 
tivity of cycloheximide was determined by 
the assay procedure described above, and ID5o 
was found to be 0.1 pg/ml; approximately 
half that of streptovitacin A. Cycloheximide 
has been found to be less active than strepto- 
vitacin A in vivo(unpublished). 


4.0 x 
PREP: 3699-CML-70 


3.0 


2.0 


$ 105,970.85 g./ml. 


DOSE, yg./ml. 
° 
@ 


0.6 e 
0.4 x = Week | 
© = Week 2 
4= Week 3 
+= Week 4 
0.2 


0 20 40 60 80 100 
fe \NHIBITION 
Dose-response curve of crude streptovita- 
cin A preparation, 


IDK Sy. 


Discussion. Results show that this tissue 
culture assay measured the activity of strep- 
tovitacin A and cycloheximide accurately both 
in crude preparations and in the crystalline 
state. Correlation between im vivo antitumor 
activity in rats and in vitro activity against 
KB cells in tissue culture was excellent Since 
the tissue culture assay measured the desired 
biological activity present in crude natural 
materials from which cycloheximide had been 
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: TABLE I. Correlations between in Vivo and in 


Vitro aed for Streptovitacin A. 


Relative activities ———\, 
Streptovitacin A Tissue 


preparation culture WAC* S. pastorianus 
1 (CML-70) 7 10 : 
2 (TEE-98 ) 55 70 40 


3 (erystalline) 100 100 


* Walker-256, in rats (Evans, J. S., unpublished). 


removed, it was a suitable assay for isolation 
and purification of streptovitacin A from fer- 
mentation beers. Total assay time was 5 days. 
This study emphasizes the rapidity, utility, 
sensitivity, and reproducibility of tissue cul- 
ture assays for antitumor agents present in 
fermentation beers, provided a correlation ex- 
ists between in vivo and in vitro activities. 
Summary. A tissue culture assay employ- 
ing Eagle’s KB epidermoid carcinoma has 
been described which measured streptovitacin 
A concentrations between 0.02 and 0.25 pg/ 
ml. Tissue culture assay measured strepto- 
vitacin A potency in crude beers and extrac- 
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tion preparations, in addition to crystalline 
material. Cycloheximide was also inhibitory 
to KB cells with an ID5o of 0.1 ug/ml. Stand- 
ard error per ID; determination was 15%, 
and per relative potency determination, 8%. 
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Serum Lipid, Lipoprotein and Vascular Tissue Studies in Cholesterol-Fed 


Horse.* 


(24769) 


L. N. Norcia, W. JoEL AND R. H. FURMAN 
Oklahoma Medical Research Fn. and Depts. of Biochemistry, Pathology and Medicine, 
University of Oklahoma Medical Center, Oklahoma City 


Shorland(1) noted that depot fats of vari- 
ous pasture-fed animals reflect the composi- 
tion of dietary fats to different degrees. Body 
fats in horses and wild rabbits included 16 
and 40% of linolenic acid respectively while 
fats from oxen, sheep and deer (ruminants) 
contained less than 1% (all animals having 
been at pasture in rye-grass, glycerides of 
which contained 63% of linolenic acid). This 
similarity of effect of dietary linolenate on fat 
depots of horses and rabbits prompted us to 
determine if cholesterol feeding would cause 
hypercholesterolemia and vascular lesions in 
the horse since this phenomenon is very strik- 
ing in rabbits. 

* This study was supported by grants from Nat. 
Heart Inst., U.S.P.H.S. (H-1889 & H-2528) and Okla- 


~ homa State Heart Assn. 


Methods. A 1275 lb gelding approximately 
12 years old and in apparent good health 
(cataract in one eye) was fed prairie hay and 
4 US. peck of caramelized oats (“Carmol- 
oats”) daily. U.S.P. cholesterol, 225 g daily, 
(estimated to constitute 1.7-2% of diet) was 
added to oats during 3 month period. The 
horse received no regular exercise. Blood was 
obtained by jugular puncture. Serum lipids 
and lipoproteins were measured before, during, 
and after cholesterol supplementation period. 
Total and free cholesterol were determined by 
the method of Sperry and Webb(2) and lipid 
phosphorus by modification (Hawk e¢ al.,(3) ) 
of the method of Youngburg and Youngburg. 
Lipoproteins were determined refractometri- 
cally at solvent density 1.21 g/ml after pre- 
parative centrifugation for 22 hours at 40,000 
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TABLE I. Serum Lipid and Lipoprotein Values. 


Total Ratio: Lipoproteins, mg % 
cholesterol, Yo ester Lipid P, Choles- : aa 
Date mg % cholesterol mg %  terol/lipid P_ —Sy..>70 —S1.2,20-70 -S,.2,0-20 
eh ys 104.5 79.3 6.6 15.8 0 96 noe 
18 97.2 82.6 5.8 16.8 19 83 217 
27 93.6 80.4 6.3 14.9 45 108 228 
9/ 6 91.7 82.1 5.9 15.6 26 77 179 
Mean + S.E. 96.8 81.1 6.2 15.8 23 91 219 
i + 2.8 +.8 +.2 +4 +9 aot) + 16 
Cholesterol feeding commenced 9/6/57 
9/12/57 98.0 80.5 6.1 16.1 . 
25 98.8 77.9 6.4 15.4 50 io 203 
10/10 82.5 78.3 5.4 Ld5.3 15 67 199 
23 80.1 79.5 5.2 15.4 10 90) 177 
11/12 100.3 78.7 6.2 16.2 
Mean+S.E. 91.9 79.0 5.9 15.7 25 79 193 
+ 4.4 =E.0 2 ee + 13 a=, +8 
10h N.S. 02 LS ILS. ns ns nS 
Cholesterol feeding ceased 12/2/57 
IY ay AsT/ 112.4 81.0 6.8 16.5 26 75 270 
ny 123.1 85.2 7.3 16.9 15 101 246 
31 118.2 (tl 6.6 17.9 28 97 263 
1/14/58 125.7 80.0 Fat) 17.9 33 141 275 
2/ 5 125.8 79.7 7.0 18.0 35 413 246 
18 124.7 Tes dee yan 
26 124.2 81.2 ial Lae 
Mean+S8.E. 122.0 80.4 7.0 17.4 27 105 260 
se + 1.0 +,1 +.2 + 3 +11 + 6 
pe. O01 ns .02 01 Ls rs -O1 
Ps” # 4 01 001 2 001 
2/27/58 Horse sacrificed 
* px, Significance of difference between cholesterol feeding and control periods (n.s. = not 
significant). 


Pe, Significance of difference between post cholesterol feeding and control periods. 


Ps, 


Idem 


rpm in Spinco #40 rotor according to methods 
previously reported(4). 


Values obtained in- 


dicate relative amounts of different classes of 
serum lipoproteins. Fecal analyses were 
usually carried out on 24 hour specimens. 
Triplicate 50 g samples of comminuted speci- 
mens were acidified with concentrated HCl, 
extracted twice with boiling ethanol and 9 
times with boiling 1:1 (v/v) ethanol-ether. 
Solvent was then removed under reduced pres- 
sure and the lipids reextracted with petroleum 
ether (30-60°C boiling range). The extract 
was washed 3 times with distilled water, dried 
over anhydrous sodium sulfate, filtered and 
made to standard volume. The non-fat, ex- 
tracted, fecal residue was dried in forced- 
draft oven at 85°C for 7 to 12 hours, cooled 
and weighed. The extracts were analyzed for 
total extractables gravimetrically following 


cholesterol feeding periods. 


removal of solvent, and for cholesterol by 
Sperry and Webb(2) procedure. 

Results. able I lists serum lipid and lipo- 
protein values. During dietary cholesterol 
supplementation there were no_ significant 
changes in serum lipids and lipoproteins. Fol- 
lowing removal of cholesterol from the diet 
serum cholesterol, lipid P, C/P ratio and 
-S;.2; 0-20 “alpha” lipoproteins underwent 
small but statistically significant increases. 
Dates in Table indicate different climatic con- 
ditions to which the horse was subjected dur- 
ing experiment. 

Fecal analyses data (Table II) indicate 
76% net intestinal absorption of cholesterol 
during cholesterol supplementation period. 
(Analysis of fecal lipid extracts for cholesterol 
by the Sperry and Webb procedure agreed 
very well with values obtained by applying 
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TABLE II. Intestinal Absorption of Dietary Cholesterol. 


Cholesterol Wet wt, 24 % extract- 
added to hrfeces ables, wet 
daily diet Date specimen, g wt basis 
225 g 10/18/57 1.96 
11/12 4350 2.19 
None 12/13/57 3100 1.39 
31 8110 1.30 
2/ 6/58 6140 1.33 


Digestive 
Yonon- Cholesterol Cholesterol coefficient 
fat dry pergwetwt  exereted of choles- 


material feces,mg per 24hr,g* terol, %t 


9.7 52.6 76.6 
24.5 10,4 56.4 74.9 
23.1 48 2.6 
28.5 39 2.1 
26.3 3d 1:9 


* Caleulated from avg daily feces excretion of 5,425 g. 
t Caleulated Without correcting for endogenous fecal sterol or dietary plant sterol excretion 
and without taking into account conversion of cholesterol to coprosterol and other sterols. 


the Liebermann-Burchard reaction (Sperry 
and Webb conditions) directly to a sample of 
total lipids.) 

The heart and aorta were removed and ex- 
amined for gross and microscopic lesions. Oil 
Red O showed aortic intima unremarkable. 
Spotty areas of interstitial fat were seen in the 
media. Alcian blue staining revealed acid 
mucopolysaccharides in medial ground sub- 
stance. Elastica appeared normal in aorta and 
coronary arteries. No abnormality of coron- 
ary arteries was noted with Haematoxylin- 
Eosin. Schultz staining, combined staining 
(Abu-Haig and Rinehart) and Periodic-Acid- 
Schiff preparations of coronary arteries and 
aorta were not remarkable. No myocardial 
abnormality was noted. 

Discussion. The data do not indicate to 
what factors the increase in serum lipids fol- 
lowing cessation of cholesterol-supplementa- 
tion is attributable. The onset of cold 
weather, cholesterol feeding, castration, and 
lack of exercise should be considered. Our 
studies(5) indicate that an “overswing”’ phe- 
nomenon may occur following removal of long- 
imposed stimulus to homeostatic mechanisms 
regulating serum lipid levels. In the horse, 
dietary cholesterol may have provided the 
stimulus to the homeostatic mechanism. 

Chemical and histological examination of 
liver and aorta revealed no accumulations of 
lipids (Liver, wet, : total lipids 43.7 mg/g, 
cholesterol 1.83 mg/g, lipid P 0.85 mg/g; 
Aorta, dry, : cholesterol 5.36 mg/g, lipid P 
0.573 mg/g. Absence of cholesterol deposi- 


tion in blood vessels or liver in the presence 
of good intestinal absorption of cholesterol 
suggests that the horse metabolizes cholesterol 
in a manner different from that of the rabbit. 

Summary. A diet containing 1.7 - 2% cho- 
lesterol did not alter serum lipid or lipopro- 
tein levels when fed to a gelded horse for 3 
months. When cholesterol supplementation 
was discontinued, significant increases in se- 
rum total and free cholesterol, lipid phos- 
phorus, C/P ratio and high density —S,.2; 0-20 
(‘alpha’) lipoproteins occurred which per- 
sisted until sacrifice 3 months later. Fecal 
lipid analyses indicated net cholesterol ab- 
sorption in excess of 70%. Liver and aortic 
lipid analyses and histologic examination of 
myocardium, coronary arteries and aorta were 
not remarkable. 


The authors wish to thank Alice Fryer and Emma 
Lou McDearmon for technical assistance, Jo Anna 
Peter for statistical analyses, and Dr. J. P. Colmore 
for generously making available facilities for housing 
the horse. 
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Enhanced Tumor Homografts Following Pretreatment of Donor Mice.* 


(24770) 


A. E. Casey, J. G. Casey, C. O. HatHaway, E. A. DowLING 
Depts. of Pathology, Medical College of Alabama, and Birmingham Baptist Hospitals, Birmingham 


On the premise that cancer in man is a form 
of spontaneous autografting our work has 
been directed toward a study of the enhancing 
(XYZ) effect(1,2) using the most comparable 
experimental tool available, namely isograft- 
ing of tumors. Pretreatment of C57BL/6 
host mice with frozen or with lyophilized 
isologous EO771 mammary carcinoma or with 
fresh supernate of EO771 tumor 2 weeks or 
more before isotransplant of EO771 tumor 
leads to more rapid growth of transplants and 
an earlier 50% point in the cumulative mor- 
tality among the animals(3-8) This could 
not be accomplished by pretreating with 
frozen extracts of other C57BL/6 tumors such 
as 755, 541-5, 541-14 or with frozen extracts 
of tumors from other strains of mice(3,8). 
The same degree of enhancement ensued with- 
out pretreatment of any kind if the donor tu- 
mor was from a second isotransplant of EO771 
tumor made 10 days after a first transplant 
(9). Tumor tissue from such a second iso- 
transplant when homotransplanted was capa- 
ble of serial passage in foreign strains of mice 
without treatment of hosts or donors(9,10). 
Increased homotransplantability has been 
used as indicator of the altered status of iso- 
grafts. The present paper reports that the 
first of double isografts also has an altered 
status and has an abiding capacity for homo- 
graft into foreign mice. It compares the 
altered status of the first with that of the 
second isograft of EO771 tumor, and discusses 
size and age of donor graft relative to homo- 
transplantability. 

Materials and methods. In our first series 
on double isografts in mice only the second 
isograft was tested for capacity to grow in 
foreign mice and the results were published 
(9; Table I, Exp. 1). In another series, the 
first isograft was also tested but it was not 
realized at the time that grafts from male don- 


* This work was aided by Grant from Nat. Inst. 
of Health, Bethesda, Md. 


ors into female recipients were inhibited(11), 
and this portion of the experiment was un- 
satisfactory (Table I, Exp. 2). Since then a 
third and larger series of experiments has 
been completed (Table I, Exp. 3). All mice 
were obtained from the breeding colony at 
Jackson Memorial Laboratory. The mice for 
homografting were divided into 3 groups and 
matched as to batch, age and sex. The first 
group, or controls, received EO771 tumor 
from a C57BL/6 mouse having single iso-— 
graft; the second group from the first of a 
double isograft, and the third group from the 
second of a double isograft made 10-14 days 
after the first. No grafts in this series were 
taken from male donors. Tumor inocula were 
0.1 cc of a 15% suspension of tumor cells in 
normal saline. Ulcerated donor tumors were 
not used. 


Results. The first of a double isograft of 
EO771 into a C57BL/6 mouse acquires an 
altered status of comparable degree with that 
of the second, as determined by increased ho- 
motransplantability (Table I). 

Discussion. If the results for isografting 
are comparable with those of autografting it 
is possible that cancer in man has acquired an 
altered status by the time the first metastasis 
occurs, and relative resistance of the host is 
diminished. Within conditions of our experi- 
ments neither size nor age of donor tumor was 
important(12); thus, a large (2-3 cm-d) and 
20-25 day old and a small (0.5-0.7 cm-d) and 
8-11 days old tumor had 9 times the homo- 
transplantability of the control tumor of in- 
termediate size and age (about 1.7 cm-d and 
15 or 16 days). A common denominator in 
control and experimental series was the reac- 
tion of the isograft host. Selected mice from 
each homograft experiment were serially ho- 
mografted without other treatment and the 
enhanced status of the tumor was consistently 
confirmed (9,13). 


Conclusion. In 3 series of experiments em- 


he 
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TABLET. Mice Dying from E0771 Homografts Taken from Single and from First or Second 
of Double Inoculations into an Isograft Host. 


Tumor mortality according to 
Souree of donor homograft——, 


Recipients Single First of Second of 

Exp. strain Sex inoculation double double ie 

1’ BALB/e Jax 4/121 12/ 20 01 
2 Q 0/ 42 1/13 0/ 26 N.S. 

$ 0/ 38 5/14 0/ 5 01 

3 i $ 6/136 8/31 14/ 82 01 

: Q 2/149 2/20 01 

C57TBR/ed 3 0/ 90 2/18 O01 

Sum} BALB/e 12/444 15/65 26/107 01 

2.7% 23.1% 24.3% 


* First series of experiments(9). 


+ Donor tumor from a male with resulting low incidence among females(11). 
¢ Values for male donor into female recipient (Exp. 2) omitted. 


ploying 675 BALB/c, 108 C57BR/cd and 50 
C57BL/6 mice, the first of double isografts 
of EO771 mammary carcinoma acquired an al- 
tered enhanced status comparable with that 
of the second of double isografts and each of 
the double isografts had 9 times the homo- 
transplantability (24%) of single control iso- 
grafts (2.7%). Within the conditions of the 
experiment neither size, nor age of the isograft 
was of importance. The altered enhanced 
status was abiding as determined by serial 
homotransplantability without further treat- 
ment. 
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Nucleic Acid Levels of Rat Anterior Pituitary Glands Following 


Adrenalectomy.* 


(24771) 


MELvIN Hess, JAMEs J. CorricANn, JRr.,! AND JoHN A. Hopak 
Dept. of Anatomy, University of Pittsburgh School of Medicine, Pa. 


The role of nucleic acids in protein synthe- 
sis has been reviewed by Brachet(1). Al- 
though endocrine organs are relatively poor 
in ribonucleic acid (RNA) (1), histochemical 
studies of the anterior pituitary gland demon- 


* This investigation was supported by research 
grant from Nat. Inst. of Arthritis, P-H.S. A prelimi- 
nary report was presented at annual meeting of Am. 
Assn. of Anat. at Seattle, Wash., Apr. 1959. 

+ Supported by Ciba Pharmaceutical Co. medical 
student research fellowship program. 
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strate fluctuations in ribonucleoprotein corre- 
sponding to changes in secretory activity and 
related to protein hormone synthesis(2). 
Since results of histochemical methods do not 
lend themselves readily to quantitation, an 
investigation was undertaken to establish nor- 
mal nucleic acid levels in the anterior pitui- 
tary of the rat and to demonstrate quantita- 
tive differences with procedures known to in- 
duce excessive hormone elaboration. This 
study utilizes surgical adrenalectomy as means 
of inducing increased protein hormone pro- 
duction from the pituitary. The literature 
contains ample evidence to substantiate the 
resultant increased pituitary adrenocortico- 
trophic hormone (ACTH) secretion following 
such procedure. 


Methods. Male rats of Holtzman strain 
were bilaterally adrenalectomized via dorsal 
approach and maintained on Purina Labora- 
tory Chow pellets and 1% NaCl ad lib. Un- 
operated controls received tap water in place 
of salt solution. At various times after oper- 
ation(2, 3, 5 and 7 days), groups of adrenal- 
ectomized and control rats were sacrificed by 
decapitation and pituitary glands collected. 
Posterior lobe tissue was discarded and ante- 
rior lobes weighed on torsion balance and ho- 
mogenized in normal saline to make a 0.6% 
homogenate. Determination of desoxyribose 
nucleic acid (DNA) and RNA from pituitary 
homogenates followed procedure described by 
Schneider (3). 


Results. The data for pituitary nucleic acid 
levels of control and adrenalectomized rats are 
summarized in Table I. Calculated on the 
basis of wg of nucleic acid/mg of anterior 
pituitary tissue, quantity of RNA in glands 
from control animals varied from 8 to 12 pg 
and range of values for DNA was 13-15 pg. 
Average ratio of RNA/DNA was approxi- 


TABLE I. Pituitary Nucleic Acid Levels after 
Adrenalectomy. 

No. of RNA DNA Avg 

Group rats pg/mg tissue RNA/DNA 
Control 18 8-12 13-15 affal 
Adrex—2 days 8 12-18 9-11 1.5 
De he | ff 10 4 
Dina 4 10 11 yy) 
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mately 0.70. Two days after adrenalectomy, 
pituitary tissue contained 12-18 yg of RNA 

and 9-11 pg of DNA, an average ratio of 
about 1.50. Animals sacrificed 3, 5, and 7 
days post-operatively contained pituitary 
RNA levels comparable to those of control 
rats and DNA contents of 10-11 pg/mg of 
tissue. These latter groups of operated rats 
demonstrated RNA/DNA ratios in the range 
of 0.70-0.90. 

Discussion. The choice of time following 
adrenalectomy to sacrifice animals was deter- 
mined by reports in the literature indicating 
the time when pituitary ACTH elaboration 
was rapidly increasing. Gemzell et al.(4) re- 
ported that immediately after adrenalectomy 
there was a sharp drop in pituitary ACTH | 
content, but after 24 hours the glandular con- 
tent began to rise and eventually reached a 
level above normal in one week. The report 
of Fortier(5) is in general agreement with 
Gemzell as far as the 1- 7-day assays of pitui- 
tary ACTH are concerned, Therefore, the pe- 
riod from 2 to 7 days following adrenalectomy 
was selected for pituitary nucleic acid analy- 
ses, since rapid protein hormone synthesis 
must accompany increased ACTH elaboration. 
Our assay data support that premise. RNA/ 
DNA ratio at 2-day post-adrenalectomy period 
was more than twice that observed in controls. 
Following this period of rapid protein hor- 
mone synthesis, as ACTH in the gland reaches 
a new level of production, nucleic acid ratios 
return to normal. Apparently the gland can 
produce hormone somewhat above normal 
amount without greatly accelerating protein 
synthesis during this time. Another explana- 
tion to account for the return to normal levels 
of protein synthesis might be based on the 
findings of Gemzell and Heijkenskjold(6). 
Using exogenous ACTH they were able to de-- 
crease the pituitary content of that hormone 
in adrenalectomized rats in 2-3 weeks. Per- 
haps excessive endogenous ACTH produced by 
adrenalectomized rats has a similar depressing 
effect on protein hormone synthesis. 


The apparent decrease in DNA/unit weight 
of gland with adrenalectomy probably reflects 
the relative increase of cytoplasmic elements 
of the gland brought about by hypertrophy 
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and hyperplasia of cells responsible for ACTH 
elaboration. Nevertheless, the difference in 
relative amounts of DNA between control and 
operated rats does not account entirely for 
larger nucleic acid ratio in the 2-day post- 
adrenalectomy group. The absolute increase 
in cytoplasmic RNA at that time is sufficient 
to overcome this relative DNA differential 
and indicate accelerated protein synthesis. 
Summary. Adenohypophyses of adrenalec- 
tomized male rats were analyzed for RNA and 
DNA at various post-operative intervals. The 
ratio of RNA/DNA at 2 days after adrenalec- 
tomy was more than twice that observed in 
control animals. Rats sacrificed at 3, 5, and 
7 days post-adrenalectomy revealed nucleic 
acid ratios comparable to those of controls. 
The increased RNA level in the pituitary 2 
days after adrenalectomy correlates well with 
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the time when glandular ACTH content is 
rapidly increasing. ‘The increased elaboration 
of protein hormone ACTH induced by removal 
of adrenals can be correlated with alterations 
in nucleic acid levels reflecting increased pro- 
tein synthesis. 
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Dept. of Ecology, Rockefeller Inst., and Division of Experimental Chemotherapy, Sloan 
Kettering Inst., N. Y. City 


Recently, one of us (WTB) reported the 
tumor-necrotizing effect of yeast polysac- 
charide zymosan when administered to mice 
bearing implants of Sarcoma 180(1). Phe- 
nomena similar to this in which polysaccharide 
extracts of certain Gram-negative bacteria 
(endotoxin) produce hemorrhagic necrosis of 
tumors have been well documented in the lit- 
erature(2,3,4). This action of bacterial en- 
dotoxins is thought by some to be a special 
form of localized Shwartzman reaction in 
which the tumor tissue is “naturally” pre- 
pared. Indeed, evidence supporting this view 
has been advanced by Shear and co-workers 
(5). Inasmuch as zymosan is a polysaccharide 
of microbial derivation(6), the possibility ex- 
ists that its anti-tumor activity is due to en- 
dotoxin-like properties rather than to host- 
mediated immune phenomena postulated by 
Bradner e¢ al.(7). It was our purpose to ex- 
plore this possibility with tests designed to 


* Present address: Bristol Labs., Syracuse, N. Y. 


determine competence of zymosan in a system 
in which bacterial endotoxin plays a known 
part, namely, the localized Shwartzman reac- 
tion. It would appear that if tumor-necro- 
tizing action of zymosan is due to “endotoxic” 
properties, its effectiveness as a preparing 
and/or provoking agent in the Shwartzman 
phenomenon should be readily demonstrable 
at concentrations active for tumor-necrosis. 
The dermal Shwartzman reaction, which was 
long undetected in mice has recently been 
demonstrated in selected mouse stocks(8,9). 
Inasmuch as the original observations of zy- 
mosan-induced tumor necrosis were made with 
mice, it seemed appropriate in so far as pos- 
sible, to test the effects of this material in 
mice as well as in the classical system with 
rabbits. 

Materials and methods. Mice were adult 
(20-24 g) females from either brother-sister 
inbred BSVS strain(10), or the Webster-Swiss 
strain (O’Grady Farms). Zymosan_ was 
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Fleischmann Lot #5B-171+ suspended to 
proper concentration in physiologic saline and 
sterilized by boiling 1 hour. The endotoxin 
employed was commercially prepared (Difco) 
E. coli lipopolysaccharide from Lot #0127B:8. 
Rabbits were New Zealand does from the 
Rockefeller Institute stock, weighing about 
1.5 kg. All intradermal (I.D.) injections in 
mice were 0.05 ml delivered through a sharp, 
short-bevel #27 needle. Intraperitoneal (I.P.) 
injections were uniformly 0.5 ml. Intravenous 
(1.V.) injections in rabbits were made in mar- 
ginal vein of ear with a #26 needle. 

Results. It might be expected that if the 
tumor-necrotizing action of zymosan is medi- 
ated through mechanisms of the Shwartzman 
reaction, the mice in which the zymosan ef- 
fect is seen would be capable of demonstrat- 
ing this reaction when suitably prepared and 
challenged with known Shwartzman-active re- 
agents. Previous tests for the phenomenon in 
other representatives of the Webster-Swiss 
strain had consistently yielded negative re- 
sults regardless of age of mice or dose-levels 
of endotoxin used for preparation or provoca- 
tion(11). This was retested, however, in the 
identical Webster-Swiss strain employed by 
Bradner et al.(1), using an optimum prepara- 
tory dose of endotoxin (based on results with 
susceptible strains) and 5 different provoca- 
tive doses. In confirmation of prior results, 
no evidence of skin hemorrhage was seen in 
any of the test animals. It was concluded, 
therefore, that this strain is unreactive to en- 
dotoxin, at least in amounts capable of elicit- 
ing the dermal Shwartzman reaction in 7 other 
mouse strains(unpublished). Further tests 
of zymosan’s potency in this regard then, were 
made with the Shwartzman-competent BSVS 
strain in which the phenomenon has_ been 
more extensively studied. 

The general plan of all such tests involved 
injecting the test substance (zymosan) I.D. 
on one side of shaved abdomen with a control 
site of endotoxin (30 pg) injected on the other 
side. (Experience has indicated that up to 
3 sites can be placed on the abdomen of an 
adult mouse without interaction.) Twenty- 


t Received from Special Products Division, Stand- 
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TABLE I, Zymosan Compared with E. coli Endo- 
toxin in Localized Shwartzman Reaction in BSVS 


Mice. 
Preparing Provoking No. 
(1.D.) dose (1.P.) dose tested R/T* 
Zymosan 4mg Zymosan .4mg 26 0/26 
i a Endo- 30 ug 20 0/20 
toxin 
Endo- 30 yg Zymosan .4mg 26 6/26t 
toxin , 
¢ cs Endo- 30 yg 20 20/20 
toxin 
Zymosan .4mg Saline 5 0/ 5 
Endo- 30 ug ‘e 5 3/ 5t 
toxin 
Saline Zymosan .4mg 5 0/ 5 
z Endo- 30 yg 5 0/ 5 


toxin 


* No. reactors/total No. tested. 
+ ‘*Single inj. reactions’ ’—see text(8). 


four hours following the I.D. preparation, all 
mice were challenged with the test provoking 
material, delivered I.P. Immediately prior to 
challenge injection, the mice were scored for 
“‘single-injection reactions” which occur ir- 
regularly in this strain(8,9). This phenome- 
non can, in most cases, be distinguished from 
the ‘‘induced” reaction by an increase in se- 
verity of hemorrhage and necrosis at the pre- 
pared site following I.P. challenge. The 
pooled results of several such experiments are 
represented in Table I. From these data it 
can be seen that while the endotoxin provoked 
reactions at all endotoxin-prepared sites, no 
hemorrhages were noted at any of the zymo- 
san-prepared areas. Zymosan challenge pro- 
voked reactions at neither endotoxin nor zy- 
mosan-prepared areas. Although no hemor- 
rhagic lesions were observed, intradermal de- 
position of zymosan resulted in formation of 
inflammatory lesions which, on_ histological 
examination (H-E stain), proved to be sterile 
abscesses. 

Rabbit experiments. Although the hypo- 
thetical Shwartzman activity of zymosan in 
mice is probably a closer parallel of its ef- 
fectiveness in a tumor-necrotizing system in 
the same species than in some other, it seemed 
desirable to further test the material in the 
classical system using rabbits. Again zymo- 
san was tested for both its preparatory and 
provoking capabilities. In these experiments 
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TABLE I. Zymosan Compared with FE. coli Endo- 
toxin in Localized Shwartzman Reaction in Rab- 


bits. 
No. positive 
Provoking (I.V.) reactions 
dose (24 hr No. Zymosan Endotoxin 
post-prep’n) rabbits site* sitet 
E. coli endotoxin 2 0 2 
(120 ug/kg) 
Zymosan ( 20mg/kg) 4 0 0 
vi (200 * +) 2 0 0 


* Zymosan dose: 20 mg/kg, delivered in 0.3 ml, 
ID 


“+ Endotoxin dose: 30 ug/kg, delivered in 0.3 ml, 
LD. 


preparation was effected by I.D. injections 
with the provocative injections (I.V.) being 
given 24 hours later. As with mice, control 
sites of endotoxin were placed on one shaved 
flank to establish the basic reactivity of the 
animals being tested. Table II summarizes 
results of several experiments using 2 differ- 
ent doses of zymosan for provocation. These 
results clearly demonstrate that zymosan is 
incapable of preparing for, or provoking the 
dermal Shwartzman reaction in rabbits at 
concentrations tested, and under conditions in 
which bacterial endotoxin is active. 

Discussion. he literature regarding the 
effects of bacterial extracts on neoplasms has 
been reviewed by others(4,11,12). Nauts 
et al.(11) indicated their belief that certain 
of these substances, e.g., Coley’s Toxin, exert 
their effects through indirect stimulation of 
host defense mechanisms. Another category 
of substances, namely certain Gram-negative 
bacterial endotoxins have been postulated to 
involve the mechanisms of the Shwartzman 
reaction as the basis for their activity(3), and 
indeed such materials are competent reagents 
for this phenomenon. Clearly, the foregoing 
data indicate that zymosan lacks this com- 
petence when used in concentrations active in 
promoting tumor necrosis. Mediation of its 
activity through mechanisms of the Shwartz- 
man reaction is thus rendered unlikely. 
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Summary. To investigate the possibility of 
zymosan’s tumor-necrotizing activity in mice 
being mediated through a modification of the 
Shwartzman reaction, the mouse strain in 
which the phenomenon has been studied, was 
examined for its capacity to display the 
Shwartzman reaction when tested with com- 
petent bacterial endotoxin. No evidence of 
reaction was seen under conditions appropri- 
ate for induction of skin hemorrhages in other 
mouse strains. Zymosan was also tested for 
its ability to prepare for and/or provoke the 
Shwartzman reaction in an inbred, Shwartz- 
man-responsive strain of mice (BSVS), and 
in rabbits. Consistently negative results were 
obtained in both systems under conditions in 
which bacterial endotoxin was uniformly ef- 
fective. It is concluded, therefore, that zymo- 
san is ineffective as a reagent for the Shwartz- 
man reaction when used at concentrations ef- 
fective in causing tumor-necrosis. 
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Asymmetric Incorporation of Linoleic Acid-1-C' and Stearic Acid-1-C™ 


Into Human Lymph Lecithins During Fat Absorption.* 
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Rotr BLoMstTRAND, OLLE DAHLBACK AND ERLAND LINDER 
Depts. of Clinical Chemistry and Thoracic Surgery, University of Lund, Sweden 


Hanahan and Blomstrand(1) showed that 
after feeding palmitic acid-1-C' and oleic 
acid-1-C!* to rats, there was a difference in 
position of the label in lecithins of liver and 
intestinal tract. When palmitic acid-1-C'™ 
was fed, 91-94% of the label in the lecithins of 
liver was localized in the beta-ester position, 
while, in the intestinal tract lecithins, 72-82% 
was found in the same position. Approxi- 
mately equal labelling in alpha- and beta-ester 
groups was observed for lecithins of lymph. 
However, wtih oleic acid-1-C1*, nearly equal 
labelling was found in lecithins from all 3 dif- 
ferent sources. Since a new technic has been 
developed in our laboratory(2) for cannula- 
tion of the thoracic duct in humans, it has 
been possible to study absorption of different 
labelled fats via the thoracic duct in man. Dur- 
ing these studies differences in incorporation 
of different fatty acids into the lymph phos- 
pholipids have been observed. Furthermore 
an asymmetric incorporation into lymph leci- 
thins was observed when C1! labelled stearic 
and linoleic acids were fed. 

Methods. Labelled material. Stearic acid- 
1-C™ and linoleic acid-1-C™ were obtained 
from the Radiochemical Centre, Amersham, 
England. Labelled fatty acids were fed as 
free fatty acids dissolved in small amounts of 
olive oil. Linoleic acid-1-C™ was also fed as 
triglyceride. The labelled triglyceride was 
synthesized from a monoglyceride (Myverol) 
and equal amounts of labelled linoleic acid 
chloride and unlabelled linoleic acid chloride. 

Procedure and sampling technic. The left 
thoracic duct was cannulated under local an- 
aesthesia as described previously(2). This 
method permits collection of thoracic duct 
lymph from a given subject for 3-7 days. The 
investigation was performed on patients with 
diagnosed cancer of lungs. The patients were 
in good condition before and during the col- 


* Supported by grants from Swedish Medical Re- 
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lection period. No intestinal disturbances 
were noted before or during the investigation. 
After the operative procedure lymph was col- 
lected at short intervals until the next morn- 
ing. The labelled material was then fed 
mixed into the breakfast at 8 a.m. and total 
lymph was then collected for the following 4-6 
hours. The patient was allowed to walk 
around the ward while on a general mixed 
diet. Extraction and fractionation of lymph 
lipid. The lymph was extracted with 20 vol- 
umes of 95% ethyl alcohol at room tempera- 
ture and the lipids isolated after filtration, 
evaporation im vacuo at room temperature and 
rectified with light petroleum (B. p. 40-60°C) 
and made up to volume. Aliquots were taken 
for determination of weight, free and total 
cholesterol, and phosphorus(3). An aliquot 
was subjected to chromatography on silicic 
acid according to Borgstr6m(4) and the total 
fat separated into cholesterol esters, neutral 
fat (mainly triglycerides) and phospholipids. 
Non-esterified fatty acids were removed by 
chromatography on Amberlite TRA-400 and 
recovered by discharging the resin with 10% 
HOAc in ethyl ether. Distribution of radio- 
activity in the different fatty acid fractions 
was then determined after hydrolysis and ex- 
traction of the fatty acids. Phospholipids 
from the major part of total fat were then 
isolated after precipitation with ice cold ace- 
tone and reprecipitated 3 times. The crude 
insoluble phospholipids obtained were then 
extracted with 95% ethanol, and the ethanol- 
soluble fraction was passed through aluminium 
oxide to obtain the lecithin fraction(5). The 
different fractions were tested with paper 
chromatography (6) because occasionally the 
aluminium technic did not remove all pre- 
formed lysolecithin from the lecithin. To ob- 
tain an absolutely pure lecithin, the “lecithin” 
fractions from the aluminium oxide column 
were pooled and subjected to chromatography 
on silicic acid according to Hanahan et al.(7). 
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TABLE I. Composition of Thoracic Duet Lymph Lipids of Man on a Mixed Diet after Adding: 


Exp. A, Linoleic Acid-1-C* as Free Acid; Exp. B, Linoleie Acid-1-C™ 


as Triglyeeride; Exp. ©, 


Stearic Acid-1-C™ as Free Acid. Thoracic duet lymph was collected for the following 4-6 hours 


and lymph fat separated on silicie acid. 
ee 


Fatty acids as % of total fatty acids— 


Collee- Cholesterol, Choles- Non-es- Phospho- 
_tion Lymph Total mg % terol terified Trigly- lipid 
Exp. time,hr vol,ml/hr fat,¢% Free Total esterFA FA _ eeride FA FA 
A 4 125 4.8 37 81 1.2 2.8 85.8 11.2 
B 6 90 5.1 43 94 2,2 3.2 84.2 10.4 
Cc a 100 4.4 37 91 le 2.2 84.1 12.0 


In this way pure lecithin was obtained as 
judged by paper chromatography. The posi- 
tion of the labelled fatty acids in lecithins was 
determined by degradation of the compound 
by lecithinase A into lysolecithin and free 
fatty acids(8). For isolation of the hydro- 
lytic products it was suitable to use chro- 
matography on silicic acid(7). In this way 
contamination with any unreacted lecithin 
could be avoided. The free fatty acids repre- 
sented the alpha-ester position and the lyso- 
lecithin the beta-ester group. The different 
fractions were also tested with paper chro- 
matography. Radioactive measurements of 
the various fractions were accomplished by as- 
say of directly plated samples in a conven- 
tional gas-flow counter. All samples were 
counted for at least 1000 counts. 

Results. The percentage of fat adminis- 
tered, recovered in the thoracic duct lymph 
fat, varies greatly (Table I), but this might 
be in part attributable to the rather short col- 
lection period of only 4-6 hours. Distribution 
of lymph fat fatty acids is in these types of 
experiments about the same: about 84% of 
lymph fatty acids are triglyceride fatty acids, 
11% phospholipid fatty acids and 2% choles- 
terolester fatty acids, and about 3% non- 
esterified fatty acids. 

The amount of total cholesterol in thoracic 
duct lymph, on a general mixed diet, varies 
somewhat, but can be estimated to be about 
1.5-2.5 g/24 hours assuming an average lymph 
flow of 2500 ml/24 hours. Esterified choles- 
terol constitutes about 55-60% of total choles- 
terol. The amount of circulating cholesterol 
in the thoracic duct depends to a certain de- 
gree on amount of fat fed(9). 

Distribution of labelled fatty acids in the 
various fractions of lymph lipids is shown 


in Table II. In Exp. A and B 90-92% of iso- 
topically labelled acids was recovered in the 
triglyceride fraction, 4-6% in phospholipids, 
1-2% in cholesterol ester fatty acids and 1- 
2% in non-esterified fatty acids. 

In Exp. C there is a significant difference as 
to incorporation of labelled stearic acid into 
lymph lipids. The most significant difference 
is a higher incorporation into the phospholipid 
fatty acids, and a corresponding less incorpor- 
ation into the triglyceride. Otherwise incor- 
poration into cholesterol ester fatty acids and 
non-esterified fatty acids is about the same. 

In all 3 experiments there is a small amount 
of radioactivity associated with the non-es- 
terified fatty acids. It seems very likely that 
these fatty acids have been transported into 
the lymph from blood plasma bound to al- 
bumin(9). 

In Fig. 1 the present data are compared 
with those obtained by Blomstrand e¢ al.(9) 
using labelled oleic and palmitic acids. It is 
quite clear that oleic, palmitic and linoleic 
acids are handled in the same way, but that 
stearic acid shows a significant difference. 
The results conform with animal experiments 
of Bergstrém ef al.(10,11) and Blomstrand 


(12). 


Per cent of isotope inhuman lymph lipids 
incorporated into phospholipids. 


Substance 0 10 20 
Fed 


Palmitic acid-1- % Cig 


Qeic acid-t- "9c Cig A 


FIG. 1. Per cent of total amount of isotope in 

lymph lipids found associated with phospholipid 

fatty acids after feeding carbon-labelled fatty 
acids to patients with lymph fistula. 
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TABLE II. Distribution of Isotopic Fatty Acids in Thoracie Duct Lymph Lipids of Man on a 
Mixed Diet after Adding to Breakfast: Exp. A, Linoleic Acid-1-O™ as Free Acid; Exp. B, 
Linoleic Acid-1-C“ as Triglyceride; Exp. C, Stearie Acid-1-C™% as Free Acid. 


% of total radioactivity in thoracic duct 


Ee er evleicy lymph lipids recovered as 
Collection coveredin Cholesterol Trigly- Non-esteri- Phospho- 
Exp. time, hr lymphlipids esterFA cerideFA fied FA lipid FA 
A 4 30 ale 91.3 4 3 
B 6 35 2.0 90.0 3 5 
C 4 15 1.5 75.0 3.3 20.2 


In Table II are shown the results obtained 
on distribution of linoleic acid-1-C'* and 
stearic acid-1-C™ in the lymph lecithins 4-6 
hours after feeding these acids to humans. 
Over 80% of radioactivity associated with 
lymph lecithins was located in the beta-ester 
position and the remainder was recovered in 
the alpha-ester group after feeding stearic 
acid-1-C'*. Although only one typical experi- 
ment is presented in Table II, data collected 
from 2 additional experiments give evidence 
for the same localization of the label in the 
beta-position. A significantly different dis- 
tribution pattern was obtained in experiments 
with linoleic acid-1-C', which indicated that 
about 75% of radioactivity associated with 
lymph lecithins was located in the alpha-ester 
position, the remainder in the _ beta-ester 
group. 

Discussion. Our data demonstrate that 
linoleic acid-1-C™ incorporated in dietary tri- 
glycerides or fed as free acid becomes esteri- 
fied with the same classes of lipids in the 
thoracic duct lymph of man as oleic and pal- 
mitic acids(13). Evidently, digestion and ab- 
sorption of these fatty acids are comparable, 
as well as their transfer into intestinal mucosa 
and resynthesis in lymph lipids. These results 


conform with earlier animal experiments by 
Bergstrom e¢ al.(11) and Blomstrand(12). 

It is of interest that stearic acid-1-C™ is 
found in a higher percentage incorporated in 
lymph phospholipids than was found for lino- 
leic acid and also for palmitic and oleic acids 
(13). These results also extend earlier ani- 
mal experiments to man(14). 

From our evidence, it is obvious that there 
is a distinct manner in which stearic acid-1- 
C and linoleic acid-1-C’ are incorporated 
into thoracic duct lymph lecithins of man. 
This observation strongly indicates that 
metabolism of stearic and linoleic acids may 
be different, and accessibility of these acids 
to the enzymes concerned in incorporation into 
different ester linkages may play an important 
role. Thus it seems logical to consider that 
there is a metabolic difference in reactivity of 
the 2 ester positions of the lecithin molecule 
and in, treatment of unsaturated and saturated 
fatty acids. 

The final interpretation of the asymmetric 
incorporation of labelled fatty acids into dif- 
ferent lecithins is difficult to make at present. 
It might, however, represent an important 
step in a different metabolism of saturated 
and unsaturated fatty acids. Further experi- 


TABLE III. Distribution of C%-Labelled Fatty Acids in Alpha and Beta Fatty Acid Position 
of Human Lymph Lecithins after Ingestion of Linoleic Acid-1-C“ and Stearie Acid-1-C™“. Leei- 
thin was purified by chromatography on aluminium oxide and silicic acid and subjected to action 


of Leeithinase A. 


FRA = Free fatty acids. LIL = Lysolecithin. 


Linoleie acid-1-C™ 


Stearic acid-1-C™ 


Position of Spee. act., % of Spec. act., % of 
Exp. fatty acid epm/mg _ total activity epm/mg total activity 

A alpha (FFA) 146 73 

beta (LL) 54 27 
B alpha (FFA) 225 75 

beta (LL) 75 25 
C alpha (FFA) 50 18 

beta (LL) 225 82 
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ments with different labelled fatty acids are 
therefore necessary to get more information, 
especially about the time course curves. 


Summary. 1) Carboxyl-labelled linoleic 
and stearic acids were fed as free acids or as 
triglyceride esters to patients provided with 
thoracic duct fistula, and incorporation of 
these acids into various lipid classes of lymph 
was followed. 2) Linoleic acid was trans- 
ported and incorporated into cholesterol es- 
ters, triglycerides, phospholipids and non-es- 
terified fatty acids in the same manner as 
oleic and palmitic acids. Chyle triglycerides 
constitute the main transport form of both 
oleic, palmitic, linoleic and stearic acids in 
man. 3) When linoleic acid was fed, only 
about 4% of total lymph radioactivity was 
obtained in the phospholipids, but after feed- 
ing stearic acid about 20% of the activity was 
located in lymph phospholipids. 4) After iso- 
lation of lymph lecithins, there was a differ- 
ence in position of the label in lecithins of 
lymph according to the fatty acid used. 5) 
After feeding linoleic acid-1-C’*, approxi- 
mately 75% of the label in lymph lecithins 
was localized in the alpha-position. However, 
with stearic acid-1-C** about 80% of the la- 
bel was found in the beta-position. 


Influence of Thyroidectomy on Experimental Ascites.* 


771 


Technical assistance of Mr. J. Giirtler and Miss 
Lilly Berlin is gratefully acknowledged. 


1, Hanahan, D. J., Blomstrand, R., J. Biol. Chem., 
1956, v222, 667. 

2. Linder, E., Blomstrand, R., Proc. Soc. Exp.. 
Brot. AND Mep., 1958, v97, 653. 

3. Blomstrand, R., Thorn, N. A., Ahrens, E. H., Jr., 
Am. J. Med., 1958, v23, 958. 

4. Borgstrom, B., Acta Physiol. Scand., 1952, v25, 
101. 

5. Hanahan, D. J., Jayko, M. E., J. Am. Chem. 
Soc., 1952, v74, 5070. 

6. Rouser, G., Marinetti, G. V., Witter, R. F., 
Berry, J. F., Stotz, E., J. Biol. Chem., 1956, v223, 485. 

7. Hanahan, D. J., Dittmer, J. C., Warashima, E., 
ibid., 1957, v228, 685. 

8. Hanahan, D. J., Rodbell, M., Turner, L. D., ibid., 
1954, v206, 431. 

9. Blomstrand, R., Ahrens, E. H., Jr., ibid., 1958, 
W233.0 32h 

10. Bergstrém, S., Borgstr6m, B., Rottenberg, M., 
Acta Physiol. Scand., 1952, v25, 120. 

11. Bergstrom, S., Blomstrand, R., Borgstrém, B., 
Biochem. J., 1954, v58, 600. 

12. Blomstrand, R., Acta Physiol. Scand., 1954, 
v32, 99. 

13. Blomstrand, R., Ahrens, E. H., Jr., J. Biol. 
Chem., 1958, v233, 321. 

14. Borgstrom, B., Acta Physiol. Scand., 1952, v25, 
1S: 


Received February 11, 1959. P.S.E.B.M., 1959, v100. 


(24774) 


JeRoME W. CANTER,’ IsADORE KREEL,+ RoBerT L. SEGAL, ALBERT FRANKEL,| 
AND IvAN D. BARONOFSKY 
Dept. of Surgery, and Andre Meyer Department of Physics, Mount Sinai Hospital, N. Y. City 


Production of experimental canine ascites is 
characteristically accompanied by derange- 
ments in water and electrolyte metabolism. 
An important factor in this sodium and water 
retention by the kidney appears to be an in- 
creased level of circulating adrenocortical salt 
retaining hormone, presumably aldosterone 
(1). Previous studies reported the salutary 
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effect of adrenalectomy and hypophysectomy 
on experimental ascites(2,3,4). Since func- 
tional inter-relationships are known to exist 
between thyroid gland and adrenal cortex(5), 
the following study was undertaken to evalu- 
ate the effect of thyroidectomy on ascites for- 
mation. 


Materials and methods. Ascites was created 
in 10 mongrel dogs, weighing 10-15 kg, by 
partial constriction of the thoracic inferior 
vena cava immediately above diaphragm by 
a band of polyethylene tubing(6). The at- 
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TABLE I, Clinical Response, Urine Output and Urinary Sodium Excretion in Ascitic Dogs 
before and after Thyroidectomy. 


Dog 73 


~ Clinical loss of ascites* 
Wt gain after IVC constric., kg 
Wt loss after thyroidectomy, kg 4.5 


Avg daily water intake 


With ascites, ec/24 hr 1693 

Post-thyroidectomy, e¢/24 hr 2014 
Avg daily urine output 

With ascites, ce/24 hr 162.5 

Post-thyroidectomy, c¢/24 hr 360.7 


Avg daily sodiwm excretion 


With ascites, meq/24 hr 9.6 
Post-thyroidectomy, meq/24 hr 100.9 


++++ ++++ 
5.5 6.0 


Dog 25 Dog 74 Dog 417 Dog 349 
+++ +++ 4444 
7.0 6.0 5.0 
6.0 6.0 5.0 4,5 
1693 1654 1714 1286 
2107 1539 1804 1507 
360.7 385.7 410.7 525.0 
623.2 427.8 496.7 583.3 
18.6 54.6 34.1 76.3 
97.1 57.8 62.0 75.2 


* This was graded on a 0 to ++-+-+ seale, the former indicating insignificant clinical im- 
provement in ascites, and the latter indicating improvement to the extent that ascites was no 
longer detectable by clinical measurements. This scale is also used in subsequent Tables. 


tempt was made to constrict the cava to ap- 
proximately 50% of its original diameter. 
Following operation, 5 animals were fed usual 
kennel diet until ascites became apparent by 
weight gain, abdominal palpation and meas- 
urements of abdominal girth. The dogs were 
then placed in metabolic cages and studied for 
2 weeks. Water was allowed ad lib. to 2500 
cc in 24 hours and the daily consumption was 
recorded. Measured fixed amounts of food 
and added salt were given daily. The ration 
provided the dogs with 80 milliequivalents of 
sodium/day. Weights, urine volumes and 
urinary sodium excretions were recorded daily. 
Measurements of urinary sodium were deter- 
mined by flame photometry. Then bilateral 
total thyroidectomy was performed. At time 
of operation, care was taken to reimplant the 
parathyroid glands, if they were removed. 
Post-thyroidectomy the animals were again 
fed routine kennel diet, without added salt, 
which allowed them 35 milliequivalents of so- 
dium in daily ration. When significant clini- 
cal improvement in their ascites was apparent, 
the 2-week period of metabolic study outlined 
above was repeated. Three additional dogs 
were studied in similar manner except that 
metabolic observations were recorded continu- 
ously from baseline period before caval con- 
striction until one month post-thyroidectomy. 
Two dogs were subjected to sham operation 
only. These animals were anesthetized as for 
thyroidectomy, the neck was opened and thy- 
roid glands exposed, but their blood supply 


was not disturbed. Following sham operation 
the dogs were fed standard kennel diet for 2 
weeks, then studied for 2 weeks on a meta- 
bolic balance, in the same manner as the first 
5 dogs outlined above. 

Results. The effect of thyroidectomy on 
the first group of 5 dogs in whom ascites was 
produced is presented in Table I. All animals 
in this group showed striking clinical improve- 
ment in their ascites, beginning about seventh 
to tenth day after thyroidectomy. When 
again subjected to a metabolic study with in- 
creased dietary sodium, they exhibited in- 
creased ability to excrete sodium and water, 
and did not regain their ascites. The appar- 
ent similarity in sodium excretion during 
ascitic and post-thyroidectomy periods in 
dogs Nos. 74 and 349 is discussed below. 

Table II summarizes results observed on 
the 3 animals studied continuously. Two of 
the 3 dogs exhibited a natruresis and signifi- 
cant clinical amelioration of their ascites fol- 
lowing thyroidectomy. As noted, the average 
daily sodium excretion is presented for 2 pe- 
riods when ascites was present. In dog No. 
607, there was a significant rise during the 
2-week period immediately prior to thyroidec- 
tomy. Subsequently, there was a further rise 
to achieve negative sodium balance during 
the post-thyroidectomy period. 

The results of sham operated dogs are pre- 
sented in Table III. Neither dog exhibited 
improvement in his ascites, and one of the 
animals became more ascitic during the post- 
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TABLE II. Clinical Response, Urine Output and 
Urinary Sodium Excretion in Ascitie Dogs before 
and after Thyroidectomy. 


Dog 596 Dog 607 


Dog 636 


Clinical loss of ++ +4+++4+ 0 
ascites 
Wt gain after [VC 5.5 3.0 2.0 
constric., kg 
Wt loss after thy- 2.0 2.0 0 
roidectomy, kg 
Avg daily water 
intake, ce/24 hr 
Baseline* 1556 1400 1382 
With ascitest 1529 1464/1457 1607/1410 
Post thyroidee- 1570 1364 1371 
tomy} 
Avg daily urine 
output, ce/24 hr 
Baseline* 417 172 164 
With ascitest 211 178/191 535/153 
Post thyroidec- 442 241 155 
tomyt 
Avg daily sodium ex- 
cretion, meq/24 hr 
Baseline* 37.2 10.5 12.2 
With ascitest 10.5 1.1/18.3 1.4/0.6 
Post thyroidee- 60.0 42.6 18.8 


tomy + 


* Avg value for 7 to 10 day period prior to caval 
coustriction,. ; 

+ Avg value for 2-wk period immediately prior to 
thyroidectomy. Where 2 figures are given under 
this column, the first is the avg for the 2-wk period 
following caval constriction, and the second is avg 
for the 2-wk period prior to thyroidectomy. 

t Avg value for 2-wk period from seventh to 21st 
day following thyroidectomy. 
sham period. There was no appreciable in- 
crease in sodium and water excretion follow- 
ing the sham operation. 

Discussion. The results indicate significant 
improvement in experimentally induced as- 
cites following thyroidectomy in 7 of 8 dogs. 
All of these animals were hypothyroid as 
measured by usual parameters of thyroid 
function (serial protein bound iodine and 
radioactive I} uptake determinations), but 
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did not exhibit clinical myxedema. 


An increase in sodium and water excretion 
concomitant with improvement in ascites oc- 
curred. The apparently high sodium excre- 
tion with ascites seen in dogs No. 74 and 349 
(Table I) can be accounted for by the phe- 
nomenon noted by Davis(7) and others, i.e., 
an animal can reach a stage of such tense 


ascites that sodium will no longer be avidly 


retained, and his output will tend to approach 
his intake. To a lesser extent, this effect was 
also seen in dog No. 607 (Table IT) during 
the 2-week period immediately prior to thy- 
roidectomy. In addition, post-thyroidectomy 
metabolic study was undertaken in these 2 
animals (Nos. 74 and 349) after the ascites 
was almost completely relieved, and time of 
maximal diuresis had passed. 


We are unable at present to explain the 
mechanism responsible for results outlined 
above. Canine ascites induced by caval con- 
striction may remit spontaneously after 4 to 6 
months(8). Our animals exhibited improve- 
ment in their ascites within 3 weeks after thy- 
roidectomy, which was generally performed 
approximately 4 to 5 weeks following caval 
constriction. The fact that this does not rep- 
resent a spontaneous remission is also sup- 
ported by lack of response of the sham-oper- 
ated dogs after an equal passage of time. 

That an increased level of aldosterone is 
present in animals with ascites produced by 
this method is well documented, either due to 
hypersecretion by the adrenal cortex(9), or to 
impaired hepatic inactivation by the congested 
liver(10,11). In the 4 animals in whom serial 
aldosterone levels) have been determined, 
there has been a fall to normal range follow- 
ing thyroidectomy, concomitant with improve- 
ment in the ascites. This may simply reflect 


TABLE III. Clinical Response, Urine Output and Urinary Sodium Excretion in Ascitie Dogs 
before and after Sham Operation. 


Avg daily water intake 


Avg daily urine output 


Avg daily sodium ex- 


Clinical (ce) (ce) cretion (meq) 
loss of Before Before Before 
Dog ascites sham After sham sham After sham sham After sham 
24 0 1443 1336 101 101 4,1 12.2 
259 0 1507 1491 176 221 14.5 4.7 


§ Performed by paper chromatographic method by 
Bio-Science Labs., Los Angeles, Calif. 
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subsidence of the secondary aldosteronism, or 
may indicate a thyroid-adrenal interaction. A 
simpler explanation is that thyroidectomy ef- 
fects a decrease in hepatic blood flow to this 
previously congested organ causing the ascites 
to form at a slower rate, and enabling gradual 
absorption of the accumulated fluid. Investi- 
gation of hepatic blood flow during the period 
of formation of ascites, and during recovery 
phase following thyroidectomy is now in 
progress. 

Summary. Amelioration of experimental 
canine ascites produced by supradiaphrag- 
matic caval constriction occurred in 7 of 8 
dogs following total thyroidectomy. This im- 
provement was accompanied by increase in 
sodium and water excretion. Dogs treated by 
a sham operation exhibited neither a natrure- 
sis nor relief of their ascites. Possible mechan- 
isms to explain these results are discussed. 
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Factors Affecting Liver Pyridine Nucleotide Concentration in Hyperthyroid 


'‘Rats.* 
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Severe hyperthyroidism affects concentra- 
tion of tissue pyridine nucleotides and activi- 
ties of certain pyridine nucleotide-dependent 
enzyme systems. Concentrations of pyridine 
nucleotides (PN)+ in tissues of severely hy- 
perthyroid rats are low according to several 
groups of investigators(1-3), but in one in- 
stance(4) PN concentrations above normal 
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{The following abbreviations will be used: PN, 
pyridine nucleostide(s); DPN, diphosphopyridine 
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have been reported. A low rate of oxidation of 
D-8-hydroxybutrate by liver mitochondria 
from hyperthyroid rats has also been ob- 
served; however, the rate is increased mark- 
edly if DPN is added to the in vitro assay 
system(2). The rate of choline oxidation in 
livers of severely hyperthyroid rats is also 
low and this, too, is increased if a high level 
of DPN is added to the in vitro assay system 
(5). A variety of natural products and me- 
thyl donors, methionine and betaine, prolong 
survival of rats receiving high level of a:thy- 
roid-active substance(6,7). Pork, which is 
particularly effective in prolonging survival, 
also prevents to some extent the fall in rate 
of choline oxidation in livers of hyperthyroid 
rats(5). This investigation was undertaken 
to study effects of a number of dietary com- 
ponents, ‘such as thyroid-active substances, 
protective factors, and PN precursors on liver 
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PN concentration and to determine whether a 
relationship between liver PN concentration 
and survival time could be detected. 
Methods. Male weanling rats‘, weighing 
40-50 g, were used. Rats were housed in in- 
dividual suspended, screen-bottom cages; fed 
ad lib., and weighed weekly during 19-21 day 
experimental period. Diets contained gener- 
ous amounts of all known essential nutrients; 
24% of protein, provided as either casein or 


_ pork; and 5% of corn oil. The carbohydrate 


was sucrose. Exact composition of diets and 
method of preparing the pork have been de- 
scribed(7). Supplements were included in 
diets at the expense of sucrose. In Exp. 2, a 
dietary level of 0.013% of sodium L-thyroxine 
was chosen to approximate that ingested by 
rats fed 0.4% of iodinated casein||, on the as- 
sumption that iodinated casein contains 
3.07% of thyroxine(8). Liver PN concen- 
trations were determined by the method of 
Feigelson et al.(9). This method of analysis 
does not distinguish between DPN and TPN 
but rather measures their sum. Addition of 
sodium L-thyroxine to liver homogenates, to 
give a thyroxine concentration of 10+*M, did 
not affect results of the assay for PN. Liver 
protein was determined by the biuret method 
of Mokrasch and McGilvery(10). 

Results. Values for liver PN concentrations 
of rats fed diets containing either casein or 
pork, but no iodinated casein, were similar 
and were between 950-1050 pg PN/g of fresh 
liver (Table I). Values for rats fed similar 
diets but containing 0.4% of iodinated casein 
were lower. Liver PN concentration for rats 
fed the diet containing casein and iodinated 
casein was the lowest, about 77% of that for 
the euthyroid control group, a highly signifi- 
cant difference (P<0.01). The value for 
group that received pork and iodinated casein 
was intermediate. It was significantly lower 
than the value for the euthyroid control (P< 
0.01) but was significantly (P<0.05) above 
the value for the group receiving casein and 
iodinated casein. 

Liver PN concentrations of rats, killed after 


§ Holtzman Co., Medison, Wisc. 
|| Protamone, Cerophyl Laboratories, Kansas City, 
Mo. 
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TABLE I. Effeet of Diet and Age on Liver Pyri- 
dine Nucleotide Concentration of Hyperthyroid 


Rats. 
Total PN/g 
Rats per fresh liver, 
Exp. Diet group wg 
1 Casein 6 1044 + 28* 
Pork 6 1023 — 21 
Casein + .4% I.C.t 6 796 + 22 
Pork + J 6 869 + 23 
2 Casein 4 948 + 31 
+ 4% I.C. 2 782+ 9 
+ 2% desiccated 4 689 + 19 
thyroid 
+ .013% Na L- 5 767 + 25 
thyroxine 
+ Na L-thyrox- ia 702 + 30 
ine inj.§ 
+ .5% thiouracil 8 916 + 16 
Idem + 4% I.C. if 872 + 26 
3 Casein 6 1031 + 18 
"+ 4% T.C. 6 747 + 16 
Idem + 04mg % eyano- 6 763 + 27 
cobalamin 
ae 6% DL-methio- if 784+ 15 
nine 
”  +1%betaine-HCl 6 804 + 20 
” + 3% choline 8 777 + 10 


* Mean + stand. error of mean. 

+ Iodinated casein, Protamone, Cerophyl Labora- 
tories, Kansas City, Mo. 

¢ The Wilson Laboratories, Chicago, Ill. 

§ 1 mg Na L-thyroxine/100 g body wt inj. intra- 
peritoneally daily. 


only 14 days on experimental diets, were simi- 
lar to those of rats killed after 21 days. Also, 
relative PN values were similar whether re- 
sults were calculated/unit of liver protein or 
/unit fresh liver. The difference between the 
value for hyperthyroid rats and that for nor- 
mal rats was actually slightly greater, when 
results were expressed in terms of liver protein 
because protein concentrations of livers from 
hyperthyroid rats were slightly higher than 
those of livers from euthyroid rats. 

As different thyroid-active substances have 
been used to induce hyperthyroidism, the ef- 
fects of several different thyroid-active ma- 
terials on liver PN concentration were deter- 
mined in Exp. 2. Degree of hyperthyroidism 
produced by each of the thyroid-active sub- 
stances may not have been the same, so it 
may not be justifiable to compare directly 
liver PN concentrations of the different groups 
of hyperthyroid rats. Nevertheless, the re- 
sults presented in Table I indicate that there 
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TABLE II. Effect of Dietary Nicotinic Acid and 
Nicotinamide on Liver Pyridine Nucleotide Con- 
centration of Hyperthyroid Rats.* 


Total PN/g fresh liver, wg 


Diet No I.C.t + .4% LC. 
Casein 9524+ 54t 736 + 20 

-+ low vitamins 913 + 19 

+ .04% nicotinic 724 + 32 
acid 

+ 1% 2 1407 +125 830+ 33 

+ 5% 2 1424 + 107 862 + 30 

+ .04% nicotin- 855 + 47 
amide 

+ 1% fs . 1324+ 40 858+ 48 

+ 5% » 1328 +121 816+ 35 


* 5-9 rats/group. 

t Iodinated casein, Protamone, Cerophyl Labora- 
tories, Kansas City, Mo. 

t Mean + stand. error of mean. 

§ Water-soluble vitamin content of this diet re- 
dueed to 1/5 of easein basal diet. 


was a marked decrease in liver PN concentra- 
tion regardless of the method used to induce 
hyperthyroidism. Results for rats fed 0.5% 
of thiouracil show that hypothyroidism did 
not affect liver PN concentration, which agrees 
with results of Glock and McLean(3). When 
both thiouracil and iodinated casein were in- 
cluded in the diet, the decrease was not signi- 
Canty cies 0-05))5 

In Exp. 3, the effects of some compounds 
known to prolong survival of hyperthyroid 
rats were studied. Addition of an extra 0.04 
mg % of cyanocobalamin to the 0.01 mg % 
already present in the diet, failed to increase 
liver PN concentration in the hyperthyroid 
rat. Also, liver PN concentrations of rats fed 
extra methionine, betaine, or a high level of 
choline were not significantly different (P> 
0.05) from those of the negative control group. 

The effects on liver PN concentration of dif- 
ferent levels of nicotinic acid and nicotinamide 
in diets of normal and hyperthyroid rats are 
shown in Table II. When amount of water- 
soluble vitamin mixture was decreased to 
one-fifth the amount usually fed, there was 
no significant effect on liver PN concentra- 
tions of euthyroid rats; but when rats were 
given an additional 0.1% of nicotinic acid 
(the casein basal diet contained 0.01% of 
nicotinic acid), there was a significant increase 
(P<0.01) in liver PN concentration. Raising 
the dietary level of nicotinic acid to 0.5% 
did not further increase liver PN concentra- 
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tions. A similar increase was obtained when 
0.1% or 0.5% of nicotinamide was added to— 
the basal diet in place of nicotinic acid. 
Higher dietary levels of nicotinic acid (0.1% 
and 0.5%) and levels of 0.04%, and 0.1%, 
and 0.5% of nicotinamide significantly in- 
creased liver PN concentrations in hyperthy- 
roid rats (P<0.05) but the values were well 
below those for normal rats. In hyperthyroid 
rats as in normal rats, 0.5% of either nicotinic 
acid or nicotinamide was no more effective in 
increasing liver PN concentrations than was 
the 0.1% level. 

Since liver PN concentrations of hyperthy- 
roid rats receiving high dietary levels of nico- 
tinic acid or nicotinamide were approximately 
the same as those of hyperthyroid rats fed 
pork, the effects of high dietary levels of these 
vitamins on survival of hyperthyroid rats was 
determined. Average survival times of groups 
of rats fed the basal diet containing casein 
and 0.4% of iodinated casein unsupplemented, 
or supplemented with 0.1% or 0.5% of nico- 
tinic acid or with 0.1% or 0.5% of nicotina- 
made were as follows: no supplement, 29 
days; 0.1% of nicotinic acid, 28 days; 0.5% 
of nicotinic acid, 29 days; 0.1% of nico- 
tinamide, 27 days; and 0.5% of nicotinamide, 
20 days. High dietary levels of nicotinic acid 
or nicotinamide did not prolong survival of 
hyperthyroid rats. In fact the higher level 
of nicotinamide seemed to decrease survival 
time of hyperthyroid rats further, while nico- 
tinic acid had no such effect. In normal ani- 
mals, nicotinamide is more toxic than nico- 
tinic acid(11). 

Discussion. No direct relationship _be- 
tween liver PN concentrations and survival 
time of hyperthyroid rats was seen. Dietary 
pork, which markedly prolongs survival of hy- 
perthyroid rats(6), increased liver PN con- 
centration, but not to that of normal controls. 
Vit. By», methionine, betaine, and a high level 
of choline also exert a protective effect in hy- 
perthyroid animals(7,8,12-15), but they did 
not cause an increase in liver PN concentra- 
tion of hyperthyroid rats. If, however, the 
protective action of methionine and betaine 
can be explained by the fact that these com- 
pounds supply methyl groups so that the rat 
does not have to depend upon the DPN-re- 
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quiring choline oxidase system, then their pro- 
tective effect might be independent of liver PN 
concentration. Nevertheless, ingestion of a 
high dietary level of nicotinic acid or nico- 
tinamide did not prolong survival of hyper- 
thyroid rats, although it did cause an increase 
in liver PN concentration. Even highest lev- 
els of these vitamins did not completely re- 
store PN concentration in livers of hyper- 
thyroid rats to normal as observed by Katzen- 
elbogen et al.,(1). The failure of high die- 
tary levels of nicotinic acid or nicotinamide to 
prolong survival of hyperthyroid rats could 
be explained if the high dietary levels of these 
vitamins increased the demand for methyl 
groups and thus exhausted any additional sup- 
ply of methyl groups that might have been 
formed through increased choline oxidation. 
An increased need for methyl groups has been 
observed when high levels of nicotinamide are 
fed(11). 

Liver PN concentrations of hyperthyroid 
rats fed either pork or high levels of nicotinic 
acid or nicotinamide were similar; however, 
in normal rats, feeding of pork did not in- 
crease liver PN concentrations (Exp. 1), 
whereas ingestion of high levels of nicotinic 
acid or nicotinamide caused PN concentra- 
tions in livers of normal rats to rise 40-50% 
(Table II). Furthermore, pork muscle con- 
tains only 4 mg of nicotinic acid/100 g of 
fresh tissue(16), thus supplying only an addi- 
tional 0.007% of nicotinic acid in the diet. 
Therefore, the ability of pork to increase liver 
PN concentrations of hyperthyroid rats is ap- 
parently not attributable to the provision of 
these vitamins by pork. 

The results of these experiments confirm 
those of several investigators(1-3) who found 
a decrease in liver PN concentration in hyper- 
thyroid rats but are contrary to those of 
Galeone et al.,(4). who fed and injected thy- 
roxine to induce hyperthyroidism; Glock and 
McLean(3) injected thyroxine; and_ the 
others(1,2) fed desiccated thyroid. Since, in 
our study, there was a marked decrease in 
liver PN concentration in rats made hyper- 
thyroid by the 4 different treatments, the dis- 
crepancy between the 2 sets of observations 
cannot be attributed to use of different thy- 
roid-active substances. It is also improbable 
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that the decreased liver PN concentrations of 
hyperthyroid rats are a result of the weight 
difference between hyperthyroid and normal 
rats of the same age. Normal rats weigh as 
much after 14 days on experiment as hyper- 
thyroid rats do after 21 days, yet there was 
a marked difference between liver PN concen- 
trations of the 2 groups when they were equal 
in weight or in age. 

Summary. No relationship was observed 
between survival time and liver pyridine nu- 
cleotide concentration of hyperthyroid rats. 
Pork, which prolongs survival, and nicotinic 
acid and nicotinamide, which do not prolong 
survival, partially prevented the fall in liver 
pyridine nucleotide concentration caused by 
thyroid-active substances. Methionine and 
betaine, which prolong survival, did not cause 
an increase in liver pyridine nucleotide con- 
centration. 
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Evaluation of Sodium Poly-a, L-glutamate as a Plasma Expander.*! 


(24776) 


ALEXANDER D, KENNy (Introduced by O. Krayer) 
Children’s Cancer Research Fn., Children’s Medical Center and Dept. of Pharmacology, 
Harvard Medical School, Boston, Mass. 


In recent years many high molecular weight 
materials both of natural and synthetic origin 
have been tested as plasma expanders. A 
preparation with entirely satisfactory proper- 
ties is still lacking; hence new expanders are 
still being investigated. Bovarnick et al.(1,2) 
and Rosenthal e¢ al.(3) reported on the prepa- 
ration and pharmacological properties of a y, 
D-glutamyl polypeptide of bacterial origin. 
The work here described concerns evaluation 
as plasma expander of an a, L-glutamyl poly- 
peptide of synthetic origin. 

Materials and methods. Sodium poly-a, L- 
glutamate (SPG)+ was prepared by the 
method described by Blout and Idelson(4). 
Two batches (#S-2035-186C and #R-4273- 
112) were used. Weight average molecular 
weights of polymers as determined by viscosi- 
metric and light scattering technics were ap- 
proximately 80,000 and 51,000 respectively 
(equivalent to degrees of polymerization of 
620 and 395). The SPG was dissolved in 
0.9% sodium chloride solution and autoclaved 
at 15 lbs/sq. in. for 20 minutes, after which 
pH of solution was adjusted to 7.4. In plasma 
expanding experiments male dogs were used 
after sedation with morphine sulfate (4 mg/ 
kg, subcutaneously). The expander solution 
was infused into femoral vein at 40 ml/kg for 
10 minutes. Plasma volumes were measured 
with radioactive iodinated serum albumin 
(RISA, Abbott) 1, 6, and 12 hours after ad- 
ministration of the expander. In experiments 


* Preliminary report presented at meeting of Am. 
Soc. Pharm. and Exp. Therap., Ann Arbor, Mich., 
Aug. 26, 1958. This work was supported by U.S.P.H.S. 
Grants. 

+ The author wishes to thank Dr. Elkan Blout and 
his associates for supplying SPG and Dr. Sidney 
Farber whose encouragement and support made this 
study possible. In addition, the constant advice and 
help of Dr. Werner Flacke and the able technical 
assistance of Virginia Mellor and Suzanne Corlette 
are gratefully acknowledged. 


t Kindly supplied by American Cyanamid Co. 


with hypovolemic dogs blood was first re- 
moved from femoral artery 7.e., 40 ml/kg for 
7 to 20 minutes. The acute effects of SPG on 
right atrial and arterial pressures were studied 
in intact dogs which had been anesthetized 
with pentobarbital sodium (35 mg/kg, intra- 
peritoneally). Dog heart-lung preparations 
were made according to Starling, for details 
see Krayer and Mendez(5). SPG was deter- 
mined by modification of safranin O method 
described by Bovarnick e¢ al.(2); the stand- 
ard curve was linear over the range 0 to 500 
pg of SPG. 


Results. Plasma expanding experiments. 
The expanding properties of 3% SPG (batch 
#S-2035-186C) were compared with those of 
6% dextran (Abbott) in normovolemic dogs 
and were similar (Table I). Analysis of vari- 
ance revealed that the apparent difference be- 
tween effects of the 2 expanders is not signifi- 
cant (p>0.05). The results obtained with 
hypovolemic dogs (Table I), show that 3% 
SPG (batch #S-2035-186C) and 6% dextran 
have similar expanding properties. The 
greater effect of dextran at 1 hour is consistent 
with the known hypertonicity of a 6% solu- 
tion(6). 


Toxicity studies in dogs. Acute effects. 
Rapid injection of 400 ml of 3% SPG solu- 
tion (40 ml/min) in an intact anesthetized 
dog caused a rise in right atrial pressure and a 
fall in arterial blood pressure. Injection of a 
6% solution of dextran at the same rate also 
resulted in increase of pressure in the right 
atrium, but at the same time arterial pressure 
rose. Respiration was unchanged during both 
injections. The drop in arterial blood pres- 
sure after SPG could be due either to impair- 
ment of cardiac output in spite of increased 
filling pressure, or to a dilating effect on peri- 
pheral vascular system. The effect of SPG 
upon cardiac output was investigated in the 
heart-lung preparation. Addition of as little 
as 40 ml of 3% SPG resulted in immediate 
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TABLE I. Expanding Properties of 3% SPG and 6% Dextran in Normovolemic and Hypo- 


SS 


Expander 3% SPG 6% dextran 8% SPG 6% dextran 
Dog status —Normovolemie——, -——-Hypovolemie——, 
No. of dogs 4 3 ‘ 4 4 ‘ 
Dog wt, kg 9.7 10.0 9.8 10.0 
Vol blood withdrawn, ml 388 * 400 * 
expander infused, ” 389 401 393 400 
Post-infusion 
time, hr Plasma vol, ml 
0 540 611 580t 564+ 
1 894 939 789 838 
6 768 780 697 674 
12 720 736 687 664 


* Hematoerits: SPG dogs 47%; dextran dogs 48%. 


+ These values are pre-bleeding levels. 


rise in right atrial and pulmonary pressures 
and a striking decrease in cardiac output. Ad- 
dition of 200 ml dextran was without any ef- 
fect. The nature of the deleterious effect of 
SPG upon cardiac output was not further 
analyzed. 

Chronic toxicity. A dose of 6% SPG 
(batch #R-4273-112) was injected intraven- 
ously at 40 ml/kg into 3 male dogs. All dogs 
died within 22 hours Two male dogs died on 
sixth day after intravenous injection of 3% 
SPG at 40 ml/kg. Plasma level of SPG, 
which immediately after injection was 785 
mg %, fell to a mean of 249 mg % within 5 
hours and remained at this level for at least 3 
days. During post-injection period the dogs 
steadily lost weight (Table IT). 

Effects of SPG on blood. During in vivo 
experiments it was noted that SPG had ef- 
fects on the blood. It increased erythrocyte 
sedimentation rate (ESR) and caused agglu- 
tination of erythrocytes; these effects were 
maintained for at least 3 days following in- 
jection of SPG (Table II). Jn vitro studies 
were made by mixing 0.5 ml of solution to be 
tested with 2.5 ml of either citrated human 


blood, or heparinized dog blood, or hepar- 
inized rabbit blood. Three % SPG increased 
ESR (human 23-25 mm/hr; dog 33-35 mm/ 
hr; rabbit 44 mm/hr) and caused agglutina- 
tion of erythrocytes in all 3 blood samples, 
whereas saline and 6% dextran had no effect. 

Blood and urine levels of SPG. Retention 
of SPG by blood (Table IT) has already been 
noted. Analysis for SPG of urines, collected 
during experiments with normovolemic and 
hypovolemic dogs, revealed that only small 
amounts (from 6 to 15%) of the injected dose 
were excreted during the first 6 hours after 
administration. None of the animals excreted 
any appreciable amount of SPG after 6 hours. 

Discussion. Although 3% solution of SPG 
was equivalent to a 6% solution of dextran in 
expanding the plasma volume in dogs, further 
studies proved the polypeptide to be too toxic 
for clinical trial. In the dog heart-lung prepa- 
ration, the drug impaired cardiac output. 
Such a deleterious effect would explain the 
decrease in arterial pressure in the intact dog 
following SPG. The experiments did not al- 
low conclusions as to the precise mechanism 
of the effects on the heart. The effects of 


TABLE II. Single Dose Toxicity Studies with 3% SPG (40 ml/kg I.V.) in Dogs. 


Post-inj. time, hr 


0 0.25 5 24 48 72 96 120 
Blood SPG, mg % 0 785 249 245 240 228 
ESR, mm/hr 1 28 22 27 29 oo 
Hematocrit, % 47 28 34 39 43 41 
Erythrocyte agglutination 0 + a + Ae aE 
10 9.3 9.5 9.0 8.7 8.1 


Dog wt, kg 
Survival time 


Both dogs died at 6 days. 


(With 6% SPG all 3 dogs died within 24 hr.) 
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SPG on blood, particularly agglutination of 
erythrocytes, would certainly alter some of 
the physical properties of blood. It is inter- 
esting to note that Rosenthal et al.(3) men- 
tion no effect, other than an “expected in- 
crease” in sedimentation rate, on human 
erythrocytes with their bacterial y, D-gluta- 
myl polypeptide. That the increase in sedi- 
mentation rate observed with SPG is not just 
a non-specific effect of all macromolecules, can 
be concluded from the fact that commercial 
dextran had negligible effects on ESR of hu- 
man and dog bloods in our studies. Synthetic 
a, L-copolymers of glutamic acid and lysine 
have also been investigated with respect to 
their effects on blood im vitro. It has been 
found (Klein, Fasman and Blout, personal 
communication), that those copolymers con- 
taining more than 65 mole % of glutamic acid 
behaved similarly to SPG in that they caused 
agglutination of erythrocytes and an increase 
in viscosity of plasma; those in the 50-60 
mole % range exhibited no such _ toxic 
effects. Determination of blood levels of 
SPG revealed that after the first 5 hours fur- 
ther elimination of the drug did not occur. 
Such a finding was compatible with the obser- 
vations of urinary excretion of SPG, where it 
was noted that no appreciable amount was ex- 
creted after the first 6 hours. In contrast to 
the toxic effects of SPG reported here, Maurer 
(7) found in immunological studies that no 
detectable antibodies could be produced 
against the material (batch #S-2035-186C) 
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either in man, rabbit, or guinea pig. 

Summary. (1) A synthetic polypeptide, so-— 
dium poly-a, L-glutamate (SPG), has been 
evaluated as a plasma expander by comparing 
it with dextran in both normovolemic and hy- 
povolemic dogs. (2) SPG at a_ concen- 
tration of 3% was equivalent to 6% dextran 
as a plasma expander. (3) Further studies 
with SPG proved it to be too toxic for clinical 
trial. It was observed to impair cardiac out- 
put in the dog, and to cause agglutination and 
an increase in sedimentation rate of both hu- 
man and dog erythrocytes. (4) A consider- 
able part of the injected dose remained in the 
blood at 5 hours after injection and no evi- 
dence of further elimination over the next 3 
days was observed. 
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Effects of Cortisone and Herpes Simplex Virus on Metabolic Processes. 


I. Alterations in HeLa Cell Metabolism.* 
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Recently various effects of cortisone and re- 
lated steroids on cell growth and on carbohy- 
drate and nitrogen metabolism have been re- 
ported(1-3). Gavosto et al.(2) suggested 
that cortisone increases gluconeogenesis in 


* Supported by research grants from U.S.P.HS. 
Presented in part at 40th meeting of Am. Soc. of 
Immunol., Philadelphia, Apr. 1958. 


animals leaving a negative nitrogen balance 
due to enhanced transamination processes. In- 
dependently, Rosen and Roberts(3) substan- 
tiated these claims. As yet one can only spec- 
ulate as to the effect of cortisone on metabol- 
ism of isolated tissue culture systems. Al- 
though cortisone treatment may be dramatic- 
ally effective in limiting inflammatory re- 
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. sponse of non-infectious processes, it is con- 


traindicated for diseases of viral etiology, since 
considerable evidence has accumulated sug- 
gesting that the steroid plays an important 
role enhancing the invasive properties of cer- 
tain viruses(4-9). Our investigation was car- 
ried out to determine effect of herpes simplex 
virus on carbohydrate metabolism of HeLa 
cells grown in presence and absence of corti- 
sone. 

It seemed important to learn whether or 
not cortisone actually affects the energy- 
yielding mechanism of the cell, and if so, 
whether it acts in conjunction with virus to 
enhance effects of the latter. Findings rele- 
vant to these questions will be described to 
understand something about biochemical in- 
juries imposed on HeLa cell metabolism under 
such conditions. 

Methods. Tissue culture. Initially HeLa 
cells were grown on glass (200 ml milk dilu- 
tion bottles) in Eagle’s medium containing 
10% human serum; later, due to availability 
of adequate serum volumes, calf serum was 
substituted for human serum. Cortisone ace- 
tate was added when required, to final con- 
centration of 2 pg/ml medium. Cultures, di- 
luted initially to total of 14 x 10° cells in 14 
ml growth medium, yielded cell sheets which 


’ appeared confluent and contained approxi- 


mately 8 x 10® cells after 7 days at 37C. Cul- 
tures were washed with Hanks’ balanced salt 
solution and wash fluids then replaced by 
Eagle’s basal medium containing 10% rabbit 
serum (and cortisone if previously grown in 
cortisone-containing fluids). Four bottle cul- 
tures grown in the presence of cortisone and 4 
others cultured without the steroid were then 
infected with 0.8 to 1 ml herpes virus suspen- 
sion. Similarily, uninfected control bottles 
received 0.8 to 1 ml medium so that a total 
of 16 bottle cultures constituted routine 
growth experiment. Fluid volumes remained 
constant for all bottles as did cell numbers, 
the latter showing variation of less than 10%. 
Appropriate growth fluid aliquots were col- 
lected and pooled at 24-, 48- and 72-hour in- 
tervals following infection or change of me- 
dium and stored in screw cap test tubes at 
~20°C for future chemical or chromatographic 
analysis. A wild strain of virus isolated from 
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recurrent herpetic lesions was used. This 
agent, following 2 passages in amniotic fluid of 
fertile eggs, received 12 passages on chorioal- 
lantoic (CA) membranes of 11-12 day eggs, 
as well as several passages in HeLa cells. 
Viral multiplication could be demonstrated by 
characteristic pock lesions on CA membranes 
and marked cytopathogenicity in HeLa cul- 
tures. Corneal inoculation of virus in rabbits 
frequently resulted in fatal encephalitis. In 
addition, it was possible to neutralize the virus 
strain with known herpes antiserum. Virus 
inoculum/bottle tissue culture consisted of 
material previously grown either in eggs or in 
HeLa cells. Test virus gave countable pocks 
at 1-2048 to 1-4096 dilution when 0.2 ml vol- 
umes were titered on egg CA membranes. 
Virus inocula and samples from infected bot- 
tles collected at termination of experiments 
were generally titrated by CA membrane tech- 
nic(10); occasionally TCID; 9 levels were 
checked in HeLa tube cultures. Ratios of 1 
viral unit/800-1000 HeLa cells initially as 
compared to 1 viral unit/2-8 cells following 72 
hours’ growth could be detected by CA titra- 
tions. Cytopathic effect was frequently ob- 
served 48 hours following virus inoculation 
and was quite apparent at 72-hour interval. 
Chemical and manometric methods. Lactic 
acid(11) and glucose(12,13) determinations 
were made on infected and uninfected culture 
fluids in presence and absence of cortisone as 
well as on aliquots of uninoculated control 
media. The following modification of the Kei- 
lin and Hartree(13) glucose oxidase method, 
using glucostat enzymatic reagents of Worth- 
ington Biochemical Corp., proved particularly 
valuable in that the enzyme reagent is specific 
for glucose. Test reagent. 1 ml 1% o-diani- 
sidine in methanol, 99 ml 0.01 M phosphate 
buffer pH 7.0, 125 mg glucose oxidase and 3 
mg peroxidase. The mixture may be stored 1 
week at 4°C or held frozen for longer intervals. 
Determination. 1) Prepare a 1.5 ml fluid 
volume of glucose standard (range 0 to 120 
wg glucose), or samples diluted in water, as 
well as 1.5 ml water blank. 2) Add 3.5 ml 
oxidase test reagent. 3) Incubate 20 min. at 
37°C. 4) Stop the reaction with 1 drop 4N 
HCl. 5) Read optical density at 401 p» in 
Beckman, or 405 on Coleman spectrophoto- 
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meters. Celite chromatography as described 
by Swim and Krampitz(14) was the method 
of choice for separation of organic acids re- 
leased into culture fluids. Compounds were 
further identified qualitatively by ascending 
paper chromatography(15). Aerobic  gly- 
colysis was measured manometrically. War- 
burg cup contents were as follows: 3.5 x 10% 
HeLa cells, 25 «M glucose, 30 »M NaHCOs, 
pH 7.6, 20 »M phosphate, 10 »M MgSO, and 
water to total volume of 3.2 ml. 


Results. Resting. cell experiments. For 
short term studies HeLa cells were harvested 
approximately 40 hours following infection so 
that cell destruction could be minimized, al- 
lowing intact enzyme systems, supposedly di- 
rected by virus, to function. Large amounts of 
virus, therefore, remained within cells when 
no obvious cytopathic effects were evident. 
The inoculum was prepared as follows: Virus 
was spun down from tissue culture fluids at 
54,450 g for 180 min. and concentrated 6-fold 
by volume on resuspending in Hanks’ solution 
containing 10% rabbit serum. In one experi- 
ment the inoculum consisted of at least 1 pock- 
forming viral unit/34 to 68 HeLa cells; after 
43-hour growth, 1 pock-forming unit/13 cells 
could be measured in supernatant growth 
fluids by the CA technic. 

Enumeration of pock lesions initiated by 
herpes simplex virus may yield low values. 
More recently, a plaque technic involving 
growth of virus in rabbit kidney cell system 
has been reported to increase sensitivity of 
titration 10- to 100-fold(16) over values ob- 
tained from CA titrations. Our preliminary 
experiments using this technic confirm these 
findings. However, assayed titers of micro- 
scopic plaques formed by herpes in HeLa cells, 
as reported by Farnham(17), do not show 
this increased sensitivity possibly due to dif- 
ferences in virus strain and host cell suscepti- 
bility. It seems possible that most, if not all, 
cells tested in the Warburg experiment were 
infected, thereby implicating both virus and 
cortisone as co-responsible agents for increased 
acid accumulation. 

Fig. 1 presents manometric evidence re- 
garding acid production by infected HeLa cells 
grown in presence and absence of low cortisone 
concentration. In aerobic Warburg  experi- 
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FIG. 1. Effect of cortisone and herpes simplex 


virus on aerobic glycolysis of HeLa cells as meas- 
ured manometrically by CO, evolution. 


ments more CO» was released by infected cells 
grown either in presence or absence of corti- 


sone, than by uninfected HeLa cells grown 
routinely in untreated Eagle’s medium. Virus- 


infected cultures grown in presence of corti- 


sone released considerably more COs. from 
NaHCO, buffer than infected cells grown 
without cortisone, suggesting formation of 
even larger amounts of acid or acids. Values 
for CO. evolution were slightly lower than 
those obtained for lactic acid production (Ta- 
ble I) since Warburg cup contents were heav- 
ily buffered, a concentration of 20 »M phos- 
phate/flask being required to realize maxi- 
mum activity in this system. Table I lists 
data obtained when lactic acid determinations 
were made on cup contents following comple= 
tion of 80-minute total reaction interval. Un- 
der conditions of the resting-cell experiment, 
virus suppressed the endogenous rate while 
cortisone increased it. 
lactic acid was subtracted from test flask val- 
ues, HeLa cells previously grown in routine 
medium produced more lactic acid than those 
grown with cortisone. 
cultures accumulated more lactic acid than un- 
infected controls, while infected cells grown 
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TABLE I. Effect of Herpes Simplex Virus and 
Cortisone on HeLa Cell Glyeolysis* Resting-Cell 


uM lactic acid: 


uM lactic acid endogenous 


Warburg flasks produced subtracted 
tHeLa 6.8 2 eer hes 
y 21.3 14.3 
t + herpes) 5.8 
§ ae es ll 91.1 15:3 
t + cortisone 10.3 
§ ae 2 22.3 12 
t a herpes|| = 6.8 

eortisone 
§ a herpes|| _ 23.0 16.2 
eortisone 


* Aerobie glycolysis—Warburg measurements. 

+ Short term: 80 min. 

¢ Endogenous flask contents: 3.5 X 10° Hela 
cells, 10 uM MgSO,, 20 uM PO,, 30 uM NaHCO,, 
H.O to 3.2 ml. 

§ Test flasks: endogenous contents + 25 uM glu- 
cose, 

|| No eytopathogenicity when cells harvested 43 
hr after infection. At least 1 pock-forming viral 
unit/13 cells in growth fluid supernates at this 
time. 


with cortisone produced even greater quanti- 
ties of lactic acid than other systems consid- 
ered. Even so, accumulation of acids other 
than lactic acid was suspected since HeLa 
cells grown with cortisone released more CO» 
than could be accounted for as lactate. Also, 
more glucose was utilized than is required for 
straightforward glycolytic pathway. This 
will be considered later. 

Growth studies. To resolve some incom- 
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patibilities, growth experiments were designed 
so that large samples might be taken for col- 
umn chromatographic analysis. It was hoped 
that identification and quantitation of any 
accumulating organic acids might be readily 
measured by this method. Since there are 
great differences between short term resting- 
cell experiments and growth studies, due 
chiefly to processes of cellular assimilation 
and dissimilation, one cannot hope to ap- 
proach the theoretical balance of glucose dis- 
appearance vs. organic acid accumulation in a 
given metabolic pathway. Despite this fallacy 
it is often possible to obtain clues regarding 
cellular interactions and alterations by various 
agents. The experiment under consideration 
as well as supporting studies were conducted 
as follows: HeLa cells were grown 7 days in 
presence or absence of cortisone acetate and 
appropriate bottles were infected with herpes 
virus as indicated in the methods section. One 
ml aliquots of growth fluids were removed 
from each of 4 similarly treated bottle cul- 
tures and pooled at 24-, 48- and 72-hour inter- 
vals. All cultures showed definite cytopatho- 
genicity 48 hours following infection. After 
72 hours, at least 1 viral unit/2-8 HeLa cells 
could be demonstrated by pock counts. Table 
II lists the various acids separated from these 
samples on celite columns and the quantities 
of each acid obtained when titrated with .01 
N NaOH. Lactic and succinic acids were re- 


TABLE II. Effects of Herpes Simplex Virus and Cortisone Acetate on HeLa Cell Metabolism- 
Growth Experiment. 


Microequivalents acids produced— 
Celite column data 


Sampling Lactate & 

Sample time, hr Acetate Pyruvate succinate 
*HeLa 24 6 4 4.5 
48 F) all 4.7 
72 Yi 2 4.6 
aes herpes 24 1.0 1.0 4.6 
pe 48} #4 4 5.3 
724 9 9 5.4 
tHeLa 24 A 3 3.5 
” + herpes 48 2 1.0 4.0 
” + cortisone 72 1.0 ia 3.7 
tHeLa 24 1.2 1.6 6.6 
+ herpes 48t 2.0 2.4 To 
” + cortisone 72t 2.8 2.5 7.0 


* Cells grown and maintained in Eagle’s medium. 
+ Idem, containing total cone. of 2 wg cortisone acetate/ml. 


t+ Marked eytopathogenicity. 
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TABLE III. Influence of Herpes Simplex Virus and Cortisone on Glucose Utilization with Acid 
Production by HeLa Cells. 


— ——————————————————————————————— 
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Growth experiment 


Theoretical 
Total acids* uM triose 
Sampling Lactic producedas Glucoset obtainable 
Sample time, hr acid,t uM pMtriose used,~M from glucose 
{HeLa 48 4,1 5.7 3 6 
¢ ” + herpes 48 || Bat 6.6 3 6 
§ ” + eortisone 48 3.6 5.2 2.7 5.4 
§ ” + herpes + cortisone 48]| 4.9 12.3 5.1 10.2 


* Total acids: lactate, acetate, pyruvate, succinate titration values from column data. 
+ Lactie acid and glucose—determined by chemical analysis. 

{ Cells grown and maintained in Hagle’s medium. 

§ Idem, containing final cone. 2 wg cortisone acetate/ml. 


|| Marked eytopathogenicity. 


corded together as may be observed in last 
column of Table II since complete separation 
of these acids was difficult using the chloro- 
form-butanol solvent. Actually, lactic acid 
leaves the column in tubes 33 through 38, 
while succinic acid is removed in tubes 35 
through 42. It may be emphasized that in 
general maximum amount of stable acids ac- 
cumulated by the 48-hour interval where cyto- 
pathogenicity is definite. 

Table III includes 48 hour lactic acid and 
glucose values as determined by chemical 
methods. To evaluate better previous obser- 
vations, lactic acid values were subtracted 
from microequivalents of combined titrated 
lactic acid and succinic acids (Table IT) listed 
at 48-hour testing interval. It was then pos- 
sible to observe whether or not the bulk of ac- 
cumulated acid was lactic or another organic 
intermediate such as succinic acid. The great- 
est difference occurred when infected HeLa 
cells were grown in cortisone-containing me- 
dium. Total accumulated acids (Table IIT) 
expressed as micromoles of triose were then 
compared with the theoretical quantity of tri- 
ose obtainable from glucose. Repeated ex- 
periments bear out the quantitative data. 

Further identification of various carboxylic 
acids accumulating in growth fluids was made 
employing ascending paper chromatographic 
technics as described previously(15). Ace- 
tate, pyruvate and lactate were accounted for 
in this way. Samples thought to contain suc- 
cinic acid were removed from the column and 
lyophilized to dryness to concentrate the pre- 
viously titrated, and therefore, sodium salt of 
the acid. The preparation was acidified with 


small volume of 10 N HeSOx, before spotting 

on filter papers. In some experiments perman- 
ganate oxidation was used to decompose con- _ 
taminating lactic acid; this material was then | 
lyophilized, acidified and spotted on paper 
chromatograms. Table IV records R¢ values 
for the partially identified compound and vari- 
ous known controls. Known succinic acid con- 
trols allowed to migrate in ethanol: NH,OH: 
H;O solvent gave the following R; values as 
calculated from 3 experiments: 0.15, 0.16 and 
0.17. The small degree of variation may be 

a result of temperature fluctuation and other 
physical features. The unknown acid had an 

Ry of 0.13, 0.15 and 0.17 in the same experi- | 


TABLE IV. Paper Chromatographie Identification 
of An Unknown Acid Accumulating in Herpes-In- 
feeted Cortisone-Grown HeLa Cultures. Compari- 
son of R;y values of known acids and the unknown 


compound. 
R,; values 
Sol- Acid Known Unknown 
Exp. vent determined control control* | 
: | 
1 Ethanol- Sueeinie 16 ould | 
NH,OH-  Fumarie 30 
watert Pyruvie wl 
Acetic alta 
Malice eo 
2 Suceinic alli 15 
Fumarie oo 
3 Suecinic ale als} 
Lactie 49 | 
Pyruvie 09 | 
Acetic lak 
4 Methanol- Sueeinie 39 39 
saturated Lactie 57 
(NH,),CO,; Pyruvate (Nasalt) .43 
t Acetate 42 


| 
* Removed from celite columns in tubes 35-42, | 
+ 80% ethanol, 5% NH,OH, 15% water. 
{ 75% methanol and 25% saturated (NH,).COg. 


| Oe 
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ments. Other investigators(18) have reported 
Res of 0.14 for succinic acid, 0.17 for fu- 
maric, 0.08 for a-ketoglutaric, 0.48 for lactic 
acid and 0.09 for malic acid. R, values of the 
unknown compound agree very closely with 
textbook R; data reported for either succinic 
or fumaric acids(18). Fumaric acid controls 
in Experiments 1 and 2 had R,; values of 0.30 
and 0.33 which implies a considerable differ- 
ence in migratory rates of our succinic and 
fumaric acids on paper chromatograms. 


Additional evidence regarding identity of 
the unknown compound was available from 
column chromatographic titrations. The acid 
was removed from celite columns in maximum 
range of tubes 35-42 depending on concentra- 
tion of the compound. When known mix- 
tures of given quantities of organic acids were 
treated chromatographically in the same 
manner as the unidentified substance(14), fu- 
maric acid was removed from celite in tubes 
24-30 while a-ketoglutaric acid could be recov- 
ered in eluates collected in tubes 58-65. These 
observations tend to implicate succinic acid as 
the unknown compound which conspicuously 
accumulates in herpes-infected HeLa cultures 
grown in Eagle’s medium containing cortisone 
acetate. 

Additional experiments were done in which 
all HeLa cell cultures were grown for first 7 
days in Eagle’s medium alone (cortisone ace- 
tate excluded). Eight of the bottle cultures 
were then fed Eagle’s medium containing rab- 
bit serum and cortisone; 4 of these were in- 
fected with herpes virus. Another series of 8 
cultures were fed medium containing rabbit 
serum but lacking cortisone and 4 of these 
were similarly infected. Pooled aliquots of 
culture fluids were collected and tested as de- 
scribed for previous experiments. Findings 
regarding accumulated organic acids and glu- 
cose disappearance in culture fluids had now 
a familiar trend, though very marked differ- 
ences as observed in Tables II and III could 
not be demonstrated. Evidently early corti- 
sone treatment of uninfected tissue cultures 
followed by infection with herpes simplex 
virus plays a significant role in accentuating 
metabolic alterations. 

Discussion. HeLa cells infected with herpes 
virus produce more lactate than uninfected 
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cells. When infected cells are grown in me- 
dium containing cortisone, acid accumulation 
is marked. Large quantities of lactate and 
succinate appear as well as increased amounts 
of acetate and pyruvate. During the phase 
when increase in viral units may be demon- 
strated, stimulation of metabolic processes also 
occurs particularly if cortisone acetate, in con- 
centration of 2 g/ml, has been included in 
the growth medium. In the latter system more 
acid appears than can be accounted for by 
glucose utilization indicating that a portion of 
the accumulated acids results from dissimila- 
tion of other compounds, possibly proteins or 
amino acids. Obviously, lactic acid production 
is not always a valid indicator of glucose utili- 
zation. Why succinate or a very close chemi- 
cal relative of this compound appears is not 
known but one may hypothesize and tenta- 
tively suggest some interesting alternatives. 
Perhaps an active decarboxylase enzyme re- 
moves COs from a less stable precursor leav- 
ing succinate as end product; or, it may be 
that a specific enzyme system is blocked at 
this level. Of even greater interest is the 
question concerning transamination reactions 
such as the well known examples where glu- 
tamic acid plus oxaloacetic or pyruvic acids 
yield a-ketoglutaric acid plus aspartic acid or 
alanine. These possibilities have been men- 
tioned by Rosen and Roberts(9). 

There is no doubt that virus is implicated in 
the biochemical alterations; the extent of 
these changes is uncertain. Heavy inocula 
were used throughout to insure infection of the 
majority of HeLa cells. Much more virus 
could be detected at termination of each ex- 
periment than was introduced initially and 
marked cytopathogenicity was apparent at the 
conclusion of each growth experiment. Even 
so, one does not know the absolute percentage 
of infected cells in the culture, or the number 
of completely formed infectious viral units 
present in the inoculum. It would be of great 
interest to implicate conclusively viral repli- 
cation with biochemical change. Because of 
the many unknowns the possibility of incom- 
plete viral effect in conjunction with multipli- 
cation of infectious particles must at the pres- 
ent be considered. Whether the observed ef- 
fect is due to infectious virus alone or a mix- 
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ture of incomplete and infectious virus re- 
mains to be studied. 

Summary. Hela cells infected with herpes 
simplex virus produced more organic acids 
than uninfected control cultures when glucose 
was the principal substrate. The organic acids 
which accumulated in growth fluids were sepa- 
rated by celite chromatography and further 
identified by ascending paper chromatogra- 
phy. Infected cells grown with cortisone 
formed as much lactic acid as infected cells 
grown in absence of cortisone, but in addition, 
the former cells produced large amounts of 
acetate, pyruvate and another compound ten- 
tatively identified as succinate. Glucose utili- 
zation was stimulated by virus and cortisone 
in the HeLa cell system resulting in accumu- 
lation of Krebs cycle intermediates. Concom- 
itant with marked acid production definite 
cytopathogenicity and marked increases in 
virus titers occurred in the virus-infected cul- 
tures. It may be concluded that the herpes 
virus-cortisone association alters carbohy- 
drate metabolism of HeLa cells in a striking 
pattern. 
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(Phenylephrine) 


and 1-(3-Hydroxyphenyl) 2-Aminoethanol (Norphenylephrine) on 


Intestinal Motility. 


(24778) 


NoNnA KrapprotH (Introduced by W. B. Youmans) 
Dept. of Physiology, University of Wisconsin Medical School, Madison, Wis. 


Norphenylephrine (differing from phenyle- 
phrine in that it has a hydrogen atom instead 
of a methyl group on the nitrogen atom) has 
not been fully investigated with regard to its 
effects on smooth muscle of the type which is 
inhibited by epinephrine. Kuschinsky and 
Oberdisse(1) reported that norphenylephrine 
has an inhibitory action on rat uterus with a 
potency 1/10 that of epinephrine, and Boyd 
(2) reported that norphenylephrine has an ex- 
citatory action on rabbit uterus. According to 
Lands(3) norphenylephrine is inactive as a 


bronchodilator. As an inhibitor of the peri- 
staltic reflex in the guinea pig ileum phenyle- 
phrine and norphenylephrine were found to be 
1/5000 and 1/6000 as potent, respectively, as 
epinephrine, while they were 1/10 and 1/50 
as potent as epinephrine in causing inhibition 
of the “pendular movements” in the isolated 
rabbit ileum(4). In the present study a com- 
parison is made between the rabbit intestine- 
inhibiting actions of phenylephrine and nor- 
phenylephrine; and differences in potency of 
these compounds are found to be much less 


3. Rosen, F., Roberts, N. R., Science, 1958, v127, _ 


4. Kass, E. H., Lundgren, M. M., Finland, M., 
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than those reported by McDougal and West 
(4). 

Methods. Studies of relative potency of 1- 
phenylephrine, dl-phenylephrine, and dl-nor- 
phenylephrine were performed on isolated 
strips of rabbit jejunum. The rabbit was 
killed by injection of air intravenously. Strips 
of jejunum were removed and rinsed 4 times 
in Locke’s solution which was oxygenated and 
maintained at a temperature of 37°C. Seg- 
ments 2-3 cm long were removed and sus- 
pended in a muscle bath containing 49 ml of 
oxygenated Locke’s solution held at a tem- 
perature of 37°C + 0.5°. The strips were at- 
tached to writing levers which recorded the 
muscle excursions on a kymograph drum. 
Conditions were the same for each test solu- 
tion. Approximately 10-15 minutes were al- 
lowed for the strip to show relatively constant 
tonus and motility. A test solution of one ml 
was pipetted into the muscle bath and the 
effects recorded. Immediately following this 
the bath was drained and 49 ml of fresh 
Locke’s solution was replaced. The next test 
solution was not introduced until contractions 
of the isolated muscle had returned to normal. 
All intestinal strips were studied on the same 
day that they were removed from the animal. 
The effect on isolated rabbit intestine of a 
test dilution of ]-epinephrine, usually one part 
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in 20 million or one part in 10 million, was de- 
termined. Following this a series of dilutions 
of l-phenylephrine, dl-phenylephrine, and dl- 
norphenylephrine were tested to determine 
which would duplicate the inhibitory effect of 
the test dilution of l-epinephrine. Epinephrine 
was introduced either before or after each test 
dilution in all cases. Similar technics were 
used in comparing the potency of dl-norphe- 
nylephrine and dl-phenylephrine. In the as- 
say comparing dl-norphenylephrine and dl- 
phenylephrine identical concentrations of 
stock solutions (1.0 mg/ml) were used. Test 
solutions were of the range of 0.0002 mg/ml 
to 0.0012 mg/ml for both drugs. All dilutions 
described above include correction for a 50 
ml dilution factor since the volume of the bath 
was 49 ml. The dl-form of phenylephrine was 
used rather than the ]-form, since the ]-form 
of norphenylephrine could not be obtained. 
None of the stock solutions of the drugs were 
kept for more than one day. 

Results. Both phenylephrine and norphe- 
nylephrine when given in adequate amounts 
had effects on the isolated rabbit intestine 
similar to the effects of l-epinephrine. There 
occurred a decrease in tonus and reduction in 
amplitude of or cessation of rhythmic con- 
tractions with hyperactivity sometimes follow- 
ing the inhibition. 


TABLE I. Comparison of the Relative Potency of L-Phenylephrine, DL-Phenylephrine and DL- 

Norphenylephrine with That of L-Epinephrine. Number of times the dose of 1-phenylephrine, 

dl-phenylephrine and dl-norphenylephrine must be increased beyond that of a test dose of 1- 

epinephrine in order to duplicate degree of inhibition of intestinal motility produced by l-epi- 

nephrine. Reciprocal of any figure in the table indicates potency of that compound as compared 
with that of l-epinephrine. 


Segment lLepi- ]-phenyl- dl-phenyl- dl-norphenyl- 
Rabbit No. — nephrine ephrine ephrine ephrine 
A 1 at 5-6, 4-5 
B 1 1 4-5, 5-6 
C 1 1 8-12 
2 10-14 
D 1 1 22-24. 
2 ] 20-24 
E 1 ] 8-10, 10-12 
2 1 8-10, 12-14 
F 1 1 12-16 
2 1 12-14 
G 1 1 10-14 
2 1 8-14 
H 1 1 20-24. 
2 1 18-24. 
Range iL 4-6 8-14 8-24 
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FIG. 1. Tracings of effect of 0.0005 mg/ml of dl-norphenylephrine and 0.00005 mg/ml of 


l-epinephrine, on motility of isolated jejunal strips. 


From above downward tracings in each 


figure show motility of intestinal segment, point of application of compound and time in one 


sec. intervals. 
FIG. 2. 
norphenylephrine respectively. 

I. Comparison of actions of l-phenylephrine, 
dl-phenylephrine and dl-norphenylephrine 
with action of l-epinephrine. In 2 rabbits the 
action of l-phenylephrine was compared with 
l-epinephrine. In 4 assays it was found to 
be 1/4 to 1/6 as potent. This is within the 
range previously reported by Aumann and 
Youmans(5). In tests of the effects of dl- 
phenylephrine on 2 segments from one rabbit 
it was found to be 1/8 to 1/14 as potent as 
l-epinephrine. This is in accord with the well 
known fact that the dextro forms of phenyle- 
thylamine derivatives are relatively impotent, 
so that if the racemic form is used the potency 
of the solution is approximately % that of the 
potency of the levo form. The actions of dl- 
norphenylephrine were compared with those 
of l-epinephrine in duplicate tests on segments 
from 5 rabbits. In Fig. 1 a typical record ob- 
tained during this study is illustrated. The 
figure shows what was considered to be equal 
effects. The results are shown in Table I 


Tracings of effect of 0.0002 mg/ml of dl-phenylephrine and 0.0004 mg/ml of dl- 


(rabbits D through H inclusive). It can be 
seen that dl-norphenylephrine is from 1/8 to 
1/24 as potent as l-epinephrine. 

Il. Direct comparison of action of dl-nor- 
phenylephrine with that of dl-phenylephrine. 
The actions of dl-norphenylephrine were com- 
pared with those of dl-phenylephrine in a to- 
tal of 14 assays on 2 segments from each of 4 
rabbits. A typical record obtained during 
this study is illustrated in Fig. 2. The results 
of these assays are presented in Table II. It 
was found that a dose of dl-norphenylephrine 
must be increased 2 to 2.6 times beyond that 
of a test dose of dl-phenylephrine in order to 
duplicate degree of inhibition of intestinal mo- 
tility produced by dl-phenylephrine. Thus, 
demethylation of the compound dl-phenyle- 
phrine reduces its potency as an inhibitor of 
intestinal motility to about 1/2 to 2/5 that 
of its original potency. Relative potency of 
the 2 compounds apparently can be estab- 
lished somewhat more closely by comparing 


TABLE II. Comparison of Relative Poteney of DL-Norphenylephrine with That of DIlL-Phenyl- 
ephrine. Number of times the dose of dl-norphenylephrine must be increased beyond that of a 
test dose of dl-phenylephrine in order to duplicate degree of inhibition of intestinal motility 

produced by dl-phenylephrine. 4 


Rabbit AA 


9 


Rabbit BB 


Rabbit CC Rabbit DD 


‘ , 1 . ‘ Y ¢ S 
Compounds Seg.1 Seg. 2 Seg. ] Seg.2 Seg.1 Seg. 2 Seg.1 Seg. 2 Range 
dl-phenylephrine | l | 1 l I et ema kal ae 
dl-norphenylephrine 2.3% 2.2” 1.2-2.5* 2-2.5t 2-2.64 24§ 2-2.46 2—2.6 
Data based on: l assay. t 3 assays. { 4 assays. § 2 assays. 
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them with each other than by comparing them 
with epinephrine as a common standard. The 
results of both methods indicate that the per 
cent loss of intestine-inhibitory potency of 
phenylephrine which results from demethyla- 
tion is of the same order as that observed 
when the methyl! group is removed from epine- 
phrine($). Thus removal of the methyl 
group has the same effect on intestine-inhibi- 
tory potency whether the para OH group is 
present as in the case of epinephrine or absent 
as in the case of phenylephrine, and the 
amount of loss of potency is slight relative to 
the effect of removing any of the hydroxyl 
groups. 

Summary. (1) The effects of dl-phenyle- 
phrine and dl-norphenylephrine on motility 
of isolated strips of rabbit intestine were 
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studied. Comparisons of their actions were 
made with the action of l-epinephrine and with 
each other to obtain relative potency of these 
phenylethylamine derivatives as inhibitors of 
intestinal smooth muscle. (2) The potency of 
dl-norphenylephrine as an inhiibtor of iso- 
lated rabbit intestine is approximately one- 
half that of dl-phenylephrine. 
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HAROLD S. GoopMAN (Introduced by S. G. A. Alivisatos) 
Mount Sinai Medical Research Fn., Chicago, Ill. 


The role of Complement (C’) in the 
mechanism of immune hemolysis has received 
a great deal of study. Yet, relatively little 
attention has been devoted to the other par- 
ticipant of immune hemolysis, namely the sen- 
sitized cell. Recent studies by Talmage and 
co-workers(1) have afforded some insight as 
to the role played by the sensitizing antibody 
in immune hemolysis. We observed(2) strik- 
ing differences in amount of C’ required to 
produce comparable lysis in various hemolytic 
systems, sensitizing the cells with optimal 
amounts of hemolysins and using the identical 
C’. Further, the number of hemolytic units 
required for optimal sensitization also differed 
from one system to another. These findings 
were characteristic of the particular system 
and were apparently reflections of differences 
in immunological properties of the sensitized 
cell. It therefore seemed feasible to use such 
information in characterization of immune he- 
molytic systems. The practical aspects of the 
concept of optimal sensitization in immune 
hemolysis were presented by Osler, Strauss 


and Mayer(3). Determination of amount of 
hemolysin required for optimal sensitization 
was used for selecting suitable hemolysins and 
determining amount of hemolysin which 
should be used for sensitization. By refining 
the original method it was possible to obtain 
a more exact determination of this value. It 
was found that amount of antibody required 
for optimal sensitization did not necessarily 
represent maximal amount of antibody capa- 
ble of combining with the cells. Therefore, it 
was also possible to obtain a value for maxi- 
mal sensitization, based upon hemolytic ab- 
sorptive capacity of the cell. In the present 
communication we determined values for op- 
timal and maximal sensitization in each of 4 
hemolytic systems and have shown the rela- 
tionship of these values to C’ activity. Ma- 
terials and methods were essentially the same 
as previously described(2). Certain modifica- 
tions and additional procedures are given be- 
low: Complement. Lyophilized guinea pig C’ 
(Sharpe and Dohme) was reconstituted and 
absorbed once with washed and packed hu- 
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FIG. 1. Determination of amount of antiserum re- 
quired for optimal and maximal sensitization. Solid 
line = optimal sensitization and upper arrow indi- 
cates point of optimal sensitization. Broken line = 
maximal sensitization and lower arrow indicates 
point of maximal sensitization. Hemolytic systems 
tested: I. Rabbit anti-sheep and sheep cells = 
Il. Human anti-A and sheep cells = @. III. Hu- 
man anti-A and A cells = ©. IV. Rabbit anti- 
sheep and A cells = [}. 


man A erythrocytes (20% of the original vol- 
ume at 0°C). The C’ was stored at —20°C 
in 1 ml amounts. Sheep cells were preserved 
with ACD solution(4) and used within 2 
weeks. Determination of amount of antiserum 
required for optimal sensitization. A prelimi- 
nary determination was made according to the 
method of Osler e¢ al.(3) using serial dilution 
of hemolysin to sensitize a constant amount 
of erythrocytes in the presence of 1 C’Hso 
unit of C’. Based upon the preliminary test, 
concentrations of serum were selected from 
linear portions of the curve (Fig. 1) and the 
determination was repeated. These values, 
from the 2 portions of the curve, when plotted 
on double-log paper, gave a value related to 
the point of optimal sensitization. Determina- 
tion of amount of antiserum required for 
maximal sensitization. The methodology was 
quite similar to that used in above determina- 
tion; however, our purpose was to determine 
amount of hemolytic activity capable of being 
absorbed by a standard cell suspension. Five- 
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tenth ml amounts of the appropriate cell sus- 
pension, e.g., one-half the volume of concen- 
tration of cells used in the hemolytic system, 
were sensitized with varying concentrations of 
antiserum and made up to 3 ml with saline 
(veronal buffered, pH 7.4). Sensitization was 
carried out at room temperature for 30 min- 
utes with frequent mixing. The tubes were 
centrifuged, decanted and the supernatant 
tested for hemolytic activity in a system with 
appropriate cells and an amount of C’ equiva- 
lent to 1 C’H;9 unit for the particular system 
tested. The value of the appropriate function 


wt 
for the per cent hemolysis ( oe ) in each 


tube was plotted against the log of correspond- 
ing amount of serum on semi-log paper, and 
the value for maximal sensitization was deter- 
mined from the point where the linear portion 
of this curve crosses the Y axis. Values were 
corrected for dilution (~ 3) and cell concen- 
tration (< 2). Complement titration. The 
C’ titer was determined in the presence of op- 
timal amount of hemolysin. Titrations were 
carried out simultaneously and with identical 
C’ for all 4 systems. Hemolysin titration. In 
each system 2 C’Hs9 units of C’ were used in 
titration of hemolysin. Because optimal 
amount of C’ cannot be added as in the case 
of hemolysin, the hemolysin titer represents a 
value which is relative and extremely sensitive 
(5) to concentration of C’. For this reason 
the number of C’H;» units added was critical. 


Results. Four hemolytic systems which dif- 
fer markedly in amount of C’ required for 
hemolysis were compared. These systems 
were: 1) rabbit anti-sheep and sheep cells, 2) 
human anti-A and sheep cells, 3) human anti- 
A and A cells and 4) rabbit anti-sheep and A 
cells. Table I gives the summary of data ob- 
tained for each of these systems. Calculations 
for derived values are indicated in the Table. 
Figs. 1-3 present these data graphically. 

Data in Fig. 1 were used to obtain values 
for optimal and maximal sensitization. Ar- 
rows indicate values for optimal and maximal 
sensitization, determined as described in the 
methods, and are placed in curves so that 
amount of serum required for each may be 
visually compared. Differences in amount of 
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TABLE I. Titration and Derived Values Obtained for Each of the 4 Hemolytie Systems. 


No. Ayo units 


required for Ratio: 
sensitiza- 
; : Opt. sens., Max, sens., tion EAS 
C’H,,/ml* H,/mlt doses/ml doses/ml Opt. Max. Max./ml 
Sheep hemolysin and 210 6,750 i 1,850 111 5.0 61 12.2 
sheep cells ; 
Human anti-A and 145 72 15.4 5.0 4.7 14.4 3.1 
sheep cells ' 
Human anti-A and 16 26 10.0 8.6 
oe ; ; 2.6 3.0 1.2 
Sheep hemolysin and 8 56 29.4 29.4 1.9 TES 1.0 
A ceils , 
Caleulations A B G D B/C B/D C/D 


* C’H, titers determined with optimally sensitized cells. 


t He : 


serum required for optimal and maximal sen- 
sitization in each system are apparent by com- 
paring horizontal distance between 2 arrows 
in each of the individual systems. 
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FIG. 2. Relationship of number of H;, units re- 
quired for optimal and maximal sensitization to C’ 
activity. Symbols same as in Fig. 1. 

FIG. 3. Relationship of optimal/maximal sensi- 
tization to C’ activity. Symbols same as in Fig. 1. 


in presence of 2 C’H,) units of C’. 


In Fig. 2 amounts of serum required for op- 
timal and maximal sensitization in each sys- 
tem are expressed in terms of corresponding 
amount of hemolytic activity (number of H5o 
units) and correlated to C’ activity (number 
of C’Hs9 units/ml). When optimal and 
maximal sensitization are expressed in this 
fashion a definite relationship exists between 
C’ activity and number of hemolytic units re- 
quired for optimal sensitization, and similarly 
between C’ activity and number of hemolytic 
units required for maximal sensitization. 


A further relationship between optimal and 
maximal sensitization and C’ activity is ex- 
pressed in Fig. 3. Amounts of serum required 
for maximal and optimal sensitization in each 
system are given in terms of a ratio, which is 
an approximate expression of degree of anti- 
body saturation required for optimal sensitiza- 
tion. When amount of antibody required for 
optimal sensitization approaches amount of 
antibody required for maximal sensitization, 
there is a corresponding decrease in C’ activ- 
ity. When relatively little antibody is re- 
quired for optimal sensitization, as compared 
to amount required for maximal sensitization, 
an upper limit is approached beyond which an 
increase in this ratio has a progressively de- 
creasing effect on C’ activity. 

Discussion. The reciprocal relationship of 
C’ and hemolysin, as illustrated by Eagle(6), 
is of particular importance in considering the 
mechanism of immune hemolysis. Although, 
as suggested by Talmage(1), a bimolecular 
antibody-complex is required to initiate he- 
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molysis, the greater the number of such com- 
plexes/cell the greater the opportunity will be 
for C’ to combine with such an antibody com- 
plex. Consequently, if many complexes are 
present/cell, less C’ will be required to pro- 
duce hemolysis. Therefore, it follows that 
concentration of C’ required for lysis in a 
particular hemolytic system is a measure of 
efficiency of sensitization of the cell. 

Each of the hemolytic systems in which we 
have compared C’ activity to amounts of se- 
rum required for optimal and maximal sen- 
sitization were subject to accumulative effect 
of various factors which influence sensitiza- 
tion of the cell. The fact that a correlation 
exists between amount of C’ required for lysis 
and relative amounts of antibody required for 
both optimal and maximal sensitization, when 
expressed in hemolytic activity, indicates that 
certain general basic factors are involved in 
sensitization of the cell. 

In considering possible factors which influ- 
ence sensitization of the cell, those which de- 
termine the number of antigen-antibody reac- 
tions/cell would be of basic consideration. 
The number of antigenic sites on the cell 
would be a fundamental limiting factor, which 
determines the opportunity of antibody to 
combine with the cell. Specificity of the 
antibody would effect the opportunity for an- 
tigen-antibody reactions to occur, by involv- 
ing antigenic sites of different specificities. In 
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addition, antibodies which differ in their he- 
molytic efficiency, but with the same speci- 
ficity(7), would effect sensitization due to 
their competition for the same antigenic sites. 
Summary. Methods are given for determin- 
ation of amount of serum required for optimal 
and maximal sensitization of a hemolytic sys- 
tem. These values were determined for each 
of 4 hemolytic systems which differ in 
amounts of C’ required for lysis. When 
amounts of serum required for optimal and 
maximal sensitization in each system were ex- 
pressed in hemolytic units, a correlation was 
found between these values and C’ activity. 
This correlation indicated that certain general 
basic factors are involved in sensitization of 
the cell by antibody. Possible factors and 
their role in cell sensitization are discussed. 
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Antibodies can be enzymatically digested 
under favorable conditions so that antibody 
activity is maintained even though molecular 
weight is greatly reduced. Much work has 
been done with digestion of horse globulins 
but relatively little with rabbit globulins. An 
abbreviated summary of enzymatic digestion 
of rabbit antibodies is as follows. Pepsin or 


* This work was supported by Univ. of Michigan 
Memorial Phoenix Project and Atomic Energy Comm. 


papain destroyed antiurease activity while 
trypsin did not(1). All typhoid “O” and 


most “H” agglutinins were destroyed by 1 
trypsin(2), although it was later found that | 


“H” agglutinins became increasingly resistant 
to digestion as immunization progressed(3). 


Trypsin digestion of agglutinins, heated either | 
alone or in presence of albumin, resulted in | 
release of agglutinating antibodies postulated | 
to be reduced in size(4). Following digestion | 


: 
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1 
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with various enzymes and 12 N HCl, antibody 
against ovalbumin was still capable of floccu- 
lation; following digestion with papain, anti- 
body no longer flocculated with antigen but 
was capable of blocking its combination with 
undigested antibody and was estimated to be 
about one-quarter original size(5). Three 
fractions of another papain digest contained 
antibodies of about one-third original molecu- 
lar size, based on ultracentrifugal data. Two 
of these fractions showed blocking activity but 
would not combine with goat antibodies to 
rabbit gamma globulin. The third fraction 
showed no blocking activity but could be 
crystallized and would combine with goat an- 
tibody(6). Preliminary results of digestion 
experiments with anti-tumor globulin frac- 
tions have been presented(7). Rabbit anti- 
body globulin is commonly used experimen- 
tally, and occasionally therapeutically. There- 
fore many properties of digested rabbit anti- 
bodies would be of interest including in vivo 
distribution and ability to cross capillary, 
blood-brain, or placental barriers in normal, 
pregnant, diseased or tumor-bearing animals. 
Smaller digested antibody fragments might 
cross such barriers more readily than larger 
undigested antibodies. (However, digested 
horse diphtheria antitoxin apparently did not 
cross the human placental barrier as readily 
as the undigested(8)). Rabbit typhoid “H” 
agglutinins were used in the initial experi- 
mental digestion system. The following ex- 
periments suggest that it was possible to di- 
gest partially rabbit antibody globulin and to 
recover digest fractions with no loss of agglu- 
tinating activity. 

Materials and methods. Antisera were ob- 
tained from New Zealand albino rabbits im- 
munized with Salmonella typhosa (Rawlings). 
Antigen was prepared by adding formalin sa- 
line to a 24 hour growth on agar, scraping off 
organisms, washing with saline in the centri- 
fuge, and adjusting concentration with saline 
to give 70% transmittance at 560 myp 
on Klett colorimeter. This suspension was 
also used for agglutinin titer determina- 
tions. Animals were injected on day 1 and 7 
with 1 ml antigen and .5 ml Freund’s adju- 
vant subcutaneously in the back; on day 4 
and 11 with .25 ml antigen I.V.; and on day 
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FIG. 1. Electrophoretogram—paper electrophore- 

sis: pooled sera from bleeding 4 and the 33% frac- 

tion (dotted line) prepared from it. 0.075 1/2, pH 

8.6 veronal buffer, room temperature, 16 hr, 6 ma. 
Staining with bromphenol blue. 


14 with 1 ml antigen only subcutaneously in 
the back. Seven days after last injection, all 
rabbits were bled by cardiac puncture several 
times in 4 days, and sera obtained were 
pooled. After 7 more days rabbits were in- 
jected I.V. and beginning 7 days later were 
again bled. This schedule was followed for 5 
bleedings; a sixth injection and bleeding were 
carried out after delay of 2 months. All 
pooled sera had “H” agglutinin titers of 
25,600. Each pooled sera was fractionated 
separately by adding saturated ammonium 
sulfate solution. Successive fractions were 
precipitated and removed at 30, 33, 50, and 
75% saturation. The first 3 fractions were 
reprecipitated at their respective saturations 
5 times. Fractions were dialyzed and lyo- 
philized. The 33% fractions were used for 
digestion experiments and were largely gamma 
globulin (Fig. 1). The digestion method was 
somewhat modified from that used for diges- 
tion of human gamma globulin(9). Fifty mg 
of the 33% fractions were dissolved in 10 ml 
of saline and pH adjusted to 3.6 with 0.0005 
N HCl. Twice crystallized pepsin (Nutri- 
tional Biochemicals Corp.) , in solution in con- 
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centration of 1 mg/ml, was added to give 
final pepsin:protein ratios of 1:20, 1:100, or 
1:200; no pepsin was used in controls. Sev- 
eral digests with different pepsin:protein ra- 
tios were usually processed in one experiment. 
pH was then adjusted to 3.4 by adding more 
acid, and volume was brought up to total of 30 
ml with saline. Digestion was carried out 
at 0°-5°C for 72 hours. 0.0005 N NaOH 
was added to bring pH to 7.0. Super-Cel was 
added to the digest, final concentration 0.5%, 
to remove pepsin. Following settling and cen- 
trifugation the precipitate was discarded. The 
digest was then fractionated by adding satur- 
ated ammonium sulfate solution and removing 
precipitates at 40% and 60% saturation; di- 
gest in the 60% supernate was the third frac- 
tion. ‘The 3 fractions were dialyzed and lyo- 
philized. To obtain some estimate of extent 
of digestion, 1 ml aliquots of the digest were 
removed at 0, 4, 24, 48, and 72 hours. Each 
aliquot was added to trichloracetic acid, final 
concentration 10%, the mixture centrifuged, 
and the supernate examined for tyrosine-con- 
taining digest fragments by use of Folin- 
Ciocalteau Phenol Reagent. (Molecules sol- 
uble in 10% trichloracetic acid are dialyzable 
(10)). Optical density was compared with 
that of standard curve prepared previously 
from known amounts of tyrosine. Results were 
expressed as 10° milliequivalents of tyrosine 
liberated from each mg of protein present at 
beginning of digestion. “H” agglutinin titers 
were determined by dissolving a lyophilized 
globulin and its digest fractions and diluting 
to equal concentration based on Kjeldahl val- 
ues. Protein concentration was obtained by 
multiplying by 6.25. Following doubling dilu- 
tion in veronal buffer pH 7.3 a constant 
amount of antigen was added and the mixture 
incubated 18 hours at 48-55°C. Duplicate 
samples were run. Titer was determined by 
last dilution tube in which agglutination oc- 
curred. Several of the 33% globulin and di- 
gest fractions were analyzed in the ultracen- 
trifuge.t 


Results. Table I shows results of repre- 


+t Ultracentrifugation was carried out under super- 
vision of Walter D. Block, Dept. of Biol. Chem. and 
Dermatol., Univ. of Michigan Med. School, 


ENzyMATIC DIGESTION OF RABBIT GLOBULIN 


sentative digestion experiments. 
terest centered upon digest fractions precipi- 
tated at 60% saturation. It was hoped that 
precipitation of digest at 40% saturation 
would remove large molecules, and _ that 
smaller molecules with antibody activity 
would then be precipitated at 60%. The titer 
of the 60% digest fraction was equal to, or 
perhaps in some cases greater than, the titer 
of the undigested 33% globulin. This might 
be expected if antibody activity of the globu- 
lin were maintained while part was removed 
by digestion. Similar results were obtained 
with all 3 pepsin:protein ratios used. Dou- 
ble-dilution agglutinin titers have a possible 
inherent error of 100% which may partially 
explain the 4 fold titer increase of the 60% 
digest fraction in bleeding 2. This should also 
be considered in comparing change of titer in 
different bleedings. Also, as sera from each 
bleeding were pooled, 33% fractions might 
vary in composition and ease of digestion. 

In Table I only bleeding 2 and bleeding 6 
digests were from one experiment. In any 
one experiment, in which several pepsin:pro- 
tein ratios were used, digestion was roughly 
proportional to amount of pepsin. There was 
markedly less correlation between the same 
pepsin: protein ratios and amount of digestion 
in different experiments. In all digests the 
relatively rapid initial rate of digestion tapered 
off around 48 hours. No tyrosine was liber- 
ated in control digests where pepsin was ab- 
sent. The minimum amount of globulin di- 
gestion can be roughly estimated. Assuming 
that rabbit globulin contains about 6.8% ty- 
rosine somewhat evenly distributed through- 
out the molecule; then for every 10° meq of 
tyrosine in dialyzable digest products/mg 
protein produced during digestion (Table I), 
about 2.7% of the globulin was digested. 
Thus in bleeding 3, with 7.3 x 10° meq tyro- 
sine at 72 hours, there was at least 20% 


Primary in- 


globulin digestion. (One milliequivalent of ty- — 
rosine is 181.2 mg, therefore 1 x 10° meq is | 


0.001812 mg. If 1 mg globulin contains 6.8% 
tyrosine, or 0.068 mg, then 1 meq of tyrosine 
is 0.001812 ~ 0.068 — 0.027, or 2.7% of 
tyrosine present. 
digestion) . 


2.7 x 7.3 = 20% globulin | 
The true amount of digestion | 
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TABLE I. Typhoid ‘‘H’?’ Agglutinin Titers of Rabbit Serum Globulins and Three Fractions 


of Pepsin Digests Prepared from Them. 


: Extent of 
_ Pepsin: Protein Hr digestion Fraction Titer 
Bleeding ratio digestion (a) (b) (¢) 
2 33% serum glob. 320 
2 1:20 0 6.9 
4 8.4 Digest 40% 1280 
24 se 60 1280 
48 be ” sup. 40 
72 
3 33% serum glob. 1280 
3 0 2.9 
4 5.5 Digest 40% 2560 
24 5.9 60 2560 
48 7.0 * sup. 
72 7.3 
4 33% serum glob. 2560 
4 : 0 9.6 
4 14.8 Digest 40% 2560 
24 16.6 60 2560 
48 18.1 Besup: 20 
72 19.5 
6 33% serum glob. 640 
6 1:100 0 2.0 
4 4.6 Digest 40% 640 
24 ie) 60 640 
48 9.4 = sup. 80 
72 9.6 
4 33% serum glob. 2560 
4 0 pepsin (control) 0 -0 
+ 0 Digest 40% 2560 
24 ah, 60 ig 
48 0 ” sup. i 
72 0 


(a) Digestion products soluble in 10% trichloracetic acid—meq tyrosine X 10~/mg protein 


originally in digest. 


(b) Precipitated at % ammonium sulfate saturation shown. 


(ec) Initial 


antibody protein concentration in first tube: Bleeding—2, .550 mg/ml; 3, .825 mg/ml; 4, .750 


mg/ml; 6, .350 mg/ml. 
* Trace only recovered after lyophilization. 


was probably greater and not uniform for all 
molecules. 

In the ultracentrifuge a 33% globulin frac- 
tion of bleeding 2 migrated essentially under 
a single peak. Following digestion with 1:100 
or 1:200 pepsin:protein ratios (minimal di- 
gestion 15% and 11% respectively), the ma- 
jor component of the 60% digest fractions 
moved more slowly (Fig. 2). This is sugges- 
tive evidence that these digest fractions were 
made up largely of smaller sized molecules, 
although in absence of diffusion data molecu- 
lar weights cannot be determined. The 60% 


digest fractions were not entirely homogene- 


ous, similar difficulties being encountered by 
previous investigators in attempting to obtain 
homogeneous digest fractions. It is very un- 


likely that undigested antibody in digest frac- 
tions was responsible for agglutinin activity. 
The electrophoretogram obtained with the 
60% digest fraction was similar to that of the 
33% globulin fraction, but the pattern was 
somewhat broader and extended more into 
the slow gamma globulin area. 

During immunization, typhoid “O” agglu- 
tinins were also produced. ‘“O” agglutinin ac- 
tivity could be recovered in some of the 60% 
digest fractions, however this was often less 
than the activity of the 33% serum globulin. 
Further characterization and investigation of 
digested antibodies is continuing in our lab- 
oratory. 

Summary. Rabbit gamma globulin anti- 
body fractions, prepared by ammonium sul- 
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90 min. 


60 min. 


30 min. 


FIG. 2. Ultracentrifugation patterns of 33% glob- 

ulin fraction, bleeding 2 (top), and digests pre- 

pared from it: 60% fraction of 1:100 pepsin: pro- 

tein (middle), and 60% fraction of 1:200 pep- 

sin:protein (bottom). 59,780 rpm, 26°C, 1% pro- 
tein in 0.9% NaCl. 


fate fractionation of pooled sera of rabbits 
immunized with formalin-killed Salmonella 
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typhosa, were digested with pepsin. Extent of 
digestion was estimated by tyrosine present 
in dialyzable digest fragments. Digest frac- 
tions, which precipitated between 40%-60% 
ammonium sulfate saturation, had agglutinin 
titers equal to, or perhaps greater than, titers 
of undigested globulin. The major compon- 
ent of the 40%-60% fraction also migrated 
more slowly in the ultracentrifuge. This sug- 
gests that it has been possible to digest rabbit 
antibody globulin so that smaller molecules 
are obtained in a digest fraction which still 
maintains its agglutinin antibody activity. 
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Animals made tolerant to the lethal effects 
of endotoxin by pretreatment with these bac- 
terial extracts were found to show an in- 
creased phagocytic capacity of the reticulo 
endothelial system (R.E.S.)(1,2). These 
findings, together with reports that endotoxin 
tolerance to fever(3) and lethal effects(4) 
were abolished in rabbits by reticulo endo- 
thelial blockade, suggested(1,2) that the 
reticulo endothelial system, which phagocy- 
tizes these macromolecular toxins(5), plays 
an important role in protecting against their 
~* These studies were supported by USP.HS. — 


toxicity. However, Suter ef al.(6) and Hal- 
pern et al.(7) reported recently that mice in- 
fected with B.C.G. become 50 to 100 times 
more susceptible to the lethal effects of endo- 
toxin, despite the fact that R.E.S. responds to 
the infection with increased phagocytic activ- 
ity(8). These observations emphasize that 
factors other than phagocytic activity of the 
R.E.S. are concerned with the resistance to 
endotoxin. The increase in susceptibility to 
toxic effects of endotoxin in tuberculous ani- 
mals, when first observed, was believed by 
Bordet (9) to be related to presence of inflam- 
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matory lesions. Another experimental model 
which would not involve infection or tuber- 
culin hypersensitivity could be helpful in de- 
termining the mechanism of this increased sus- 
ceptibility to endotoxins. During our experi- 
ence with the stimulating effect of the yeast 
extract, zymosan, on phagocytic function of 
the reticulo endothelial system(2,10), a simi- 
lar state of increased susceptibility to endo- 
toxins was observed in mice receiving repeated 
injections of zymosan. Such a_ treatment 
causes also considerable hypertrophy of the 
R.E.S. due to proliferation of macrophage ele- 
ments(2) with granulomata formation in the 
liver and spleen(10). The results of our ex- 
periments on increased toxicity to endotoxin 
in zymosan treated animals and on the effect 
of cortisone on this phenomenon are reported 
here; the relationship between hypertrophy of 
R.E.S. and adrenal function is discussed. 
Methods. Experiments were performed on 
white male Swiss Webster mice weighing 25 
to 30g. Endotoxin toxicity: E. coli endotoxin 
(0.111 B4) from Difco Laboratories was dis- 
solved in 0.9% sterile saline and the proper 
dose injected intravenously in the tail vein in 
0.2 ml volume. Mortality was recorded at 24 
hours. Zymosan treatment: Zymosan, lot No. 
7B-340 from Standard Brands was used. 5 
mg/ml suspension in 0.9% saline was pre- 
pared, boiled in a water bath 10 minutes, then 
shaken with glass beads to ensure an homo- 
geneous suspension. One mg in 0.2 ml was 
injected intravenously every other day for a 
maximum of 5 doses. Endotoxin toxicity was 
investigated in groups of these mice 24 hours 
after the last injection of zymosan. In other 
zymosan treated mice, phagocytic activity of 
R.E.S. was investigated by measuring rate of 
clearance of carbon from blood. B.C.G. in- 
fection: B.C.G., Phipps strain, was grown 
on Dubos’ liquid medium and _ harvested 
after 12 days. Mice were injected intra- 
venously in the tail vein with 1 mg 
B.C.G. wet weight. Two weeks later, sen- 
sitivity to endotoxin was investigated. Car- 
bon clearance: Phagocytic activity of the 
R.E.S. was investigated by measuring rate 
of clearance of carbon from the blood by 
the liver and spleen(11,12). Clearance of 
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colloids by R.E.S. follows an exponential func- 
Log C, — Log Cz 
ft 
stant K of this equation, called phagocytic 
index, measures phagocytic activity of the 
macrophages of the liver and spleen provided 
a suitable dose is used. K varies with rela- 
tive size of the liver and spleen according to 


SS 
WLS NS 


; a, called 


tion of time K = ; the con- 


a third power relationship a = 
Wee Weight of body 


WLS Weight of liver and spleen 
corrected phagocytic index, measures phago- 
cytic activity per unit weight of liver’ and’ 
spleen(12). Carbon suspension Cy, 1431la 
manufactured by Gunther Wagner, Hanover 
and suspended in gelatin as described(11) was 
used. This preparation contains particles ho- 
mogeneous in size, measuring about 250 A. 
Sixteen mg carbon per 100 g body weight were 
injected intravenously, then 0.025 ml blood 
samples were withdrawn at suitable times from 
the retroorbital venous plexus, with a cali- 
brated glass pipette previously washed with 
heparin, and lysed in 2 ml 0.1% sodium carbo- 
nate; carbon concentration was read with a 
spectrophotometer at 675 my. After disappear- 
ance of carbon from the blood, the mice were 
sacrificed by decapitation and liver and spleen 
weighed in the wet state. The clearance curve 
was drawn in each case and phagocytic in- 
dexes K and a were calculated. Adrenalec- 
tomy: Bilateral adrenalectomy was performed 
under ether anesthesia by the dorsal route in 
control animals and in animals having received 
4 injections of zymosan. Endotoxin toxicity 
was investigated 48 to 72 hours after adrenal- 
ectomy. Cortisone treatment: Control ani- 
mals, B.C.G. infected, and zymosan treated 
animals (4 injections) were pretreated with 
cortisone acetate or hydrocortisone before in- 
vestigating endotoxin toxicity. They received 
either 2.5 mg cortisone or 1 mg hydrocortisone 
24 hours and again 3 hours before testing. 
Results. Phagocytic activity of the R.E.S. 
is greatly stimulated by repeated intravenous 
injections of zymosan (Table I). This effect 
is at its maximum level after 4 injections and 
is associated with considerable hypertrophy 
of the liver and spleen due to hyperplasia of 
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TABLE I. Effect of 1 mg of Zymosan Every Other 
Day on Phagocytic Activity of Reticulo Endothe- 
lial System in Mice, Measured by Rate of Clearance 
(K) of Carbon Particles from Blood. Carbon, 16 
mg/100 g K = Phagocytic Index a = Corrected 


Body wt 
Phagocytic Index. = = é 
WLS Wt of liver and spleen 
W 
Zymosan, mg K WLS a 
i .050 15.3 4.9 
039 13.9 4.7 
074 12.5 5.2 
144 12.9 6.7 
we Wag 13.1 5.3 
2 -049 12.6 4.6 
.086 TIES 5.2 
114 11.3 5.5 
.140 9.4 4.9 
158 9.8 5.3 
Pe lO’ 11.0 5.1 
3 .035 13.6 4.4 
084 10.8 4.8 
100 11.3 5.2 
160 9.8 5.3 
.160 12.6 6.8 
eer 11.6 5.3 
4 033 15.4 4.9 
047 13.4 4.9 
102 14.7 6.9 
106 8.8 4.1 
112 13.3 6.4 
112 12.4 6.0 
114 10.5 5.1 
360 (9) 5.6 
BO Makes 12.0 5.4 
5 .230 9.0 5.4 
130 13.8 7.0 
10 (2 14.6 4.0 
coutrols 
* Mean values. 
phagocytic elements(10,13). Susceptibility 


of mice to the lethal effect of endotoxin is con- 


TABLE IT. Effeet of 1 mg of Zymosan Every Other Day and of B.C.G. Infection on Endotoxin 
Toxicity in Mice. Endotoxin #. coli 0111 Bé4. 


Hndotoxin, 1 mg 1 mg 


Mortality 
——Zymosan, total dose and duration of treatment——\ B.C.G. 
2me¢ 3 me 4 mg 5 mg 1lmg 

mg Controls 5 hr 24 hr 3ddays 5 days 7 days 9 days 2 wk 
2 10/10 A ig ty) pp ilo eae 
1 11/13 

5) 11/19 

045) 6/26 BY DS 2/4 4/5 4/5 10/10 

All 1/21 0/5 3/5 8/1] ad i 6/6 

.05 0/8 i A) VAS ay 13/14 us 

025 0/5 0/5 a 11/14 y yA) 

010 2/4 3/6 VA) 

005 1/4 xe 
001 
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siderably enhanced by zymosan injections and — 
attains a level comparable to that observed in 
B.C.G. infected animals(6,7) (Table II). 
The effect of zymosan treatment is progres- 
sive and seems to attain its maximum after 4 
to 5 injections over a period of 7 to 9 days; 
it is negligible a few hours after the first injec- 
tion when the greatest decrease in properdin 
titer is generally observed. To understand the 
nature of this phenomenon, the increased sus- 
ceptibility (50 to 100 times) to the lethal ef- 
fect of endotoxin brought about by zymosan 
or B.C.G. infection is compared with that 
which follows adrenalectomy, which is of the 
order of 5,000 times. Cortisone protects mice 
nearly completely against the increased sus- 
ceptibility of animals treated with zymosan or - 
B.C.G., while in normal mice it shows only a 
minor protection against the lethal effects of 
endotoxin, a finding in accord with previous 
reports(14). 

An attempt was also made to compare the 
level of endotoxin toxicity in adrenalecto- 
mized controls and in animals adrenalecto- 
mized after 4 injections of zymosan. While 
control mice withstand bilateral adrenalec- 
tomy without mortality, 16 out of 20 zymosan 
treated mice died within 24 hours after 
adrenalectomy. The 4 remaining animals were 
injected with 0.1 »g endotoxin without further 
mortality showing that when these animals 
survived adrenalectomy, they were not more 
susceptible to endotoxin than the adrenalec- 
tomized controls. 

Discussion. Increased susceptibility to en- 
dotoxin could be explained either: 1) on the 
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TABLE III. Effect of 2 « 2.5 mg of Cortisone or of 2 & 1 mg 
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of Hydrocortisone on Hyper- 


sensitivity to Endotoxin in Mice Brought About by B.C.G. Infection or Zymosan Injections. 


Mortality 
oo Controls ——— -—B.C.4.—, Zymosan (4 mg, 7 days) 
; Hydro- Hydro- 
E. coliendo- —Un- Corti- — corti- © Adrenal- Un-  Corti- Un- —— Corti- ane 
toxin,mg treated sone sone  ectomized treated sone treated sone sone 
2 10/10 10/10 5/5 a 
1 11/13 7/10 4/5 6/6 
5 11/19 4/10 3/5 5/6 
25 6/26 0/10 1/5 5/5 10/10 4/11 3/5 
his 1/21 3/10 HY 0/138 2/5 
05 0/8 0/5 13/14 0/5 0/5 
025 5/5 = 0/5 11/14 Ss % 
010 2/5 2/4 
.005 2 1/4 
001 LOM 1/5 
0005 4/5 
0001 3/8 
00004 1/5 
-00001 0/3 


basis of hypersensitivity to endotoxins of the 
very cells of the R.E.S. which have been made 
to proliferate after B.C.G. infection or zymo- 
san treatment, or 2) in view of the predomi- 
nant role played by the adrenal in resistance 
against endotoxin, on the basis of decreased 
resistance due to interference with the level 
of adrenal hormones. 

The data presented favor this last interpre- 
tation, since pretreatment with cortisone for 
24 hours before endotoxin to a large extent 
abolishes increased susceptibility to endo- 
toxin, while affecting only slightly endotoxin 
toxicity in normal mice. These experiments 
suggest, as far as utilization is concerned, a 
relative deficiency of adrenal hormone in these 
animals. If this hypothesis is correct, chronic 
infections or granulomatous inflammation, 
such as follows zymosan injections, are asso- 
ciated with decreased secretion or increased 
utilization of corticosteroids. Thus, as a corol- 
lary to the known effects of hormones on R.E. 
function and inflammation, it is suggested 
that such alterations can in turn also affect 
adrenal function. The data presented do not 
exclude the possibility that cortisone exerts 
an inhibiting effect on a hypersensitivity of 
the R.E.S. elements to endotoxin, as postu- 
lated by the first hypothesis. Further experi- 
ments are required to explore these possibili- 
ties. 


Summary. Zymosan renders mice highly 


susceptible to the lethal effect of endotoxin at 
a time when activity of the R.E.S. is greatly 
stimulated. This effect is similar to that fol- 
lowing B.C.G. infection. Pretreatment with 
cortisone abolishes nearly completely the in- 
creased toxicity to endotoxin caused by zymo- 
san or B.C.G. infection. 
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A previous report from this laboratory indi- 
cated that there was no impairment in cardio- 
vascular responses (force of cardiac contrac- 
tion, arterial pressures) to intravenous nore- 
pinephrine in dogs 2-4 days after complete 
adrenalectomy(1). The results confirmed, in 
part, the pressor responses reported by Salmo- 
iraghi and McCubbin(2), but were in conflict 
with those reported by Ramey, Goldstein and 
Levine(3). Possible reasons for these dis- 
crepancies were discussed  previously(1). 
Ramey and Goldstein have summarized the 
literature on cardiovascular responses to sym- 
pathomimetic stimuli in adrenal insufficiency 
(4). The present study was undertaken in an 
attempt to determine more directly the vascu- 
lar smooth muscle responses to norepinephrine 
in adrenal insufficiency. 


Methods. Nine control dogs and 12 
adrenalectomized dogs were studied; the 
adrenalectomized dogs were prepared by a 2 
stage operation and were studied 3 days after 
complete adrenalectomy without having re- 
ceived any replacement therapy. All dogs 
were anesthetized with sodium pentobarbital 
and were heparinized to prevent coagulation. 
Femoral blood flow was measured with a Ship- 
ley-Wilson recording rotameter(5) inserted 
into one femoral artery. Femoral arterial 
pressure head was measured by a Statham 
pressure transducer connected to the distal 
limb of the rotameter; mean pressure was ob- 
tained by electrical integration. Flow and 
pressure were recorded simultaneously with a 
multichannel research recorder (Electronics 
for Medicine, Inc.). Femoral vascular resis- 
tance was calculated as the ratio of pressure 
(mmHg) to flow (ml/min). The rotameter 
was calibrated at the termination of each ex- 
periment with the animal’s own blood. The 
pressure transducer was repeatedly calibrated 
against a mercury manometer and checked for 
linearity of response. Norepinephrine was 


* This investigation was supported (in part) by a 
research grant from Nat. Heart Inst., P.HS. 


injected intra-arterially via the distal limb 
of the rotameter; a series of graded doses 
(0.01, 0.05 and 0.10 pg/kg) was injected into 
each animal at the beginning of each experi- 
ment and, in the majority of animals, was re- 
peated after a 2 hour waiting period under 
anesthesia. Five of the 9 control dogs and 6 
of the 12 adrenalectomized dogs were given 
hydrocortisone sodium succinate (10 mg/kg 
i.v. expressed as free hydrocortisone) immedi- 
ately after the first series of norepinephrine 
injections. Sodium and potassium in serum 
were determined by flame photometry; chlor- 
ide was determined with an Aminco/Cotlove 
chloride titrator(6). 


Results. At the time of the experiments the 
adrenalectomized dogs were all observed to be 
sluggish, weak and anorexic, and required ap- 
proximately half the dose of anesthetic re- 
quired by control dogs. Serum electrolytes 
were determined before and 3 days after com- 
plete adrenalectomy in 9 dogs, and exhibited 
classical and significant (p<.01 or .05) 
changes (-12 meq Na*, -9 meq Cl, +1.3 
meq K*) of adrenal insufficiency. Hydrocor- 
tisone plasma levels were studied in 4 of the 
adrenalectomized dogs and were reported as 
zero in each case.t 

Average initial pressure, flow, and _ resis- 
tance values for the femoral vascular bed are 
shown for 9 control and 12 adrenalectomized 
dogs in Table I. These values were deter- 


TABLE I. Initial Values. 


Adrenalee- 
Measurement Control (9) tomy (12) ‘*p’’ 
Mean femoral 122 +4.9* 77 +7.8* <01 
B.P. (mm Hg) 
Femoral blood 25 +2.2 3. > =6 
flow (ml/min. ) 
Resistance 5.23+ 2.19 17.19+ 4.69 <.05 
(mm Hg/ml/ 
min.) 


* Mean + S.E. 


a 
+ We are indebted to Dr. C. A. Papacostas for ster- 
oid determinations. 
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TABLE II. Responses to Norepinephrine, 


Dose, i.a, 
Measurement (ug/kg) Control (9) Adrenalectomy (12) 
Change in mean femoral B.P. (mm Hg) .O1 +3.4 + 1.0* +1.3 + .6* 
05 +7.9 + 1.0 +39 + 8 
10 +9.7 + 1.8 +4.0 + .9 
Change in femoral blood flow (ml/min. ) 01 11.6 + 1.7 —3.9 + 1.0 
05 —15.6 + 1.6 —4.9 + 1.2 
10 —16.4+1.9 —6.7 + 1.6 
Change in resistance (mm Hg/ml/min.) .O1 + 514+ .82 +13.12+ 4.61 
05 +11.38 + 2.51 +26.33 + 11.93 
10 +17.33 + 4.51 +45.07 + 18.06 
% change in resistance .01 +102 + 17.4 + 88+ 13.5 
05 +228 + 43.5 +208+ 48.0 
10 +329 + 78.8 +394 + 107.4 


* Mean + S.E. 


mined prior to first injection of norepine- 
phrine. 

Responses to graded intra-arterial doses of 
norepinephrine are shown in Table II. These 
responses were determined prior to the 2 hour 
waiting period, 7.e., before any of the animals 
received treatment. As indicated by the in- 
creases in resistance there was no impairment 
in vascular responses to norepinephrine in 
adrenalectomized animals. In fact, in terms 
of resistance units they appeared to be hyper- 
responsive, although statistically this was not 
significant (“p’” =—>0.1). In terms of per- 
centage change there was clearly no significant 
difference (“p’”’ —>0.6) between adrenalec- 
tomized and control animals. 


Table III shows responses to a second series 
of intra-arterial injections of norepinephrine 
after a 2 hour waiting period. As indicated in 
the table, one of the control groups and the 
adrenalectomized group had received intra- 
venous hydrocortisone 2 hours before the 
norepinephrine injections. Qualitatively, re- 
sponses for all 3 groups were similar to those 


observed prior to the 2 hour waiting period 
and prior to steroid treatment (Table II). 
Quantitatively, vascular responses, as indi- 
cated by increases in resistance, were greater 
in some of the animals, including untreated 
controls, after the 2 hour waiting period than 
before. 


Discussion. Using femoral vascular resis- 
tance as an index, and interpreting an increase 
in resistance as indicating vasoconstriction, we 
conclude that there was no impairment in vas- 
cular responses to norepinephrine in the 
adrenalectomized animals used in this study. 
These results are in agreement with those of 
Brown and Remington(7) who found no im- 
pairment in femoral vascular responses to nor- 
epinephrine in adrenal insufficiency, using con- 
ductance as an index. However, these inves- 
tigators injected norepinephrine intravenously 
whereas we injected intra-arterially. In our 
experience vascular responses to intravenous 
doses of norepinephrine are difficult to inter- 
pret. As pointed out by Brown and Reming- 
ton(7) there is a diphasic change in resistance 


TABLE III. Responses to Norepinephrine after Two Hour Wait. 


Dose, i.a. Control (4) Control (5) Adrenalectomy (6) 
Measurement (ug/kg) (untreated) (hydrocortisone) (hydrocortisone) 
Change in mean femoral 01 + 1.0+1.0* +2.2 + 1.7* 0 + .0* 

B.P. (mm Hg) 05 + 7.8 + 2.6 +5.4+1.8 +1.7 + .8 
10 +11.8 + 2.4 +7.0 + 1.7 +5.3 + 9 
Change in femoral blood flow 01 9.6 + 3.2 — 6.7 + 2.0 —2.8+ 4 
Pat ak .05 -11.4 + 2.6 —11.8 + 2.4 —3.2+ .5 
10 — 8.8 + 2.0 —13.7 + 3.3 —6.7 + 2.3 

Ch ein resistance (mmHg/_ .01 +15.05+ 9.8 + 9.36 + 2.6 +14.47 + 5.70 

yin : ‘ .05 +43.30 + 33.3 +20.30 + 2.9 +52.82 + 33.71 

10 +46.13 + 30.5 +31.52 + 9.8 +66.18 + 32.81 


* Mean + S.E. 
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(or its reciprocal conductance) in response to 
intravenous norepinephrine. There is first a 
decrease in femoral vascular resistance; this 
is then followed by an increase in resistance, 
believed due to the vasoconstrictor action of 
the drug on the femoral vessels. Brown and 
Remington(7) attribute the initial fall in re- 
sistance to passive distention of the vessels as 
a result of the rise in central arterial pressure. 
We suggest that an additional factor may be 
baroreceptor reflexes activated by the rise in 
pressure, and operating to produce reflex vaso- 
dilation. We have, in this investigation, 
avoided intravenous injections in favor of 
intra-arterial injections of doses estimated be- 
forehand to produce little or no systemic 
pressor effect. Response to intra-arterial in- 
jections is monophasic, resistance being in- 
creased. Our results suggest that there may 
be impairment in pressor responses of the 
adrenalectomized animals to threshold doses 
of norepinephrine which is not apparent with 
higher doses(1). This suggestion is supported 
by previous findings by Remington and co- 
workers(8). However, analysis of the re- 
sponses to threshold stimuli is also subject to 
greater influence from measurement errors, 
errors resulting from spontaneous pressure 
changes, etc. 

The lower blood pressure and femoral blood 
flow values, and the higher femoral resistance 
values present initially in the adrenalecto- 
mized animals are in accordance with the re- 
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sults of Brown and Remington(7) and Wy- 
man, Fulton and Shulman(9). 

Summary. Femoral vascular resistance as 
calculated from pressure/flow ratios was used 
as an index of vascular responsiveness to nore- 
pinephrine in control and adrenalectomized 
dogs. As indicated by changes produced by 
small intra-arterial doses of norepinephrine, 
there was no impairment in vascular responses 
of adrenalectomized animals when compared 
to controls. 


The technical assistance of Frank Piersol is grate- 
fully acknowledged. 


1. Reidenberg, M. M., Ohler, E. A., Sevy, R. W.,, 
Proc. Soc. Exp. Bior. aNnD MED., 1958, v97, 889. 

2. Salmoiraghi, -G. C., McCubbin, J. W., Circ. Re- 
search, 1954, v2, 280. 

3. Ramey, E. R., Goldstein, M. S., Levine, R., Am. 
J. Physiol., 1951, v165, 450. 

4. Ramey, E. R., Goldstein, M. S., Physiol. Rev., 
1959, v37, 155. } 

5.. Shipley, R. W., Wilson, C.,;. Proc. Soc. Exe: 
Biot. anD MeEp., 1951, v78, 724. 

6. Cotlove, E., Trantham, H. V., Bowman, R. L., 
J. Lab. and Clin. Med., 1958, v51, 461. 

7. Brown, F. K., Remington, J. W., Am. J. Physiol., 
1955, v182, 279. 

8. Remington, J. W., Collings, W. D., Hays, H. W., 
Parkins, W. M., Swingle, W. W., zbid., 1941, v132, 
622. 

9. Wyman, L. C., Fulton, G. P., Shulman, M. H., 
Ann. N. Y. Acad. Sci., 1953, v56, 643. 


Received January 22, 1959. P.S.E.B.M., 1959, v100. 


(24783) 


ROLF BLOMSTRAND AND E. H. AHRENS, JR. 
University of Lund, Sweden and Rockefeller Inst., N. Y. City 


Metabolism of glyceryl ethers has received 
scant attention, although their distribution in 
nature is widespread(1,2). Since their dis- 
covery in 1922 by Tsujimoto and Toyama, 
these compounds have been noted as major 
components of non-saponifiable fraction of 
many marine oils(3) and are found also in 


* Supported by grants from Swedish Cancer Soc. 
and Swedish Medical Research Council. 


mammalian species, even in human _ athero- 
mata(4). They are alpha-glyceryl ethers of 
long-chain fatty alcohols; the ether bond is 
resistant to alkaline hydrolysis. When the 
ether linkage is made with oleyl alcohol, the 
glyceryl ether is called selachyl alcohol; with 
stearoyl alcohol-batyl alcohol; with palmitoyl 
alcohol - chimyl alcohol. When the other 2 
hydroxyl groups of glycerol are esterified with 
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fatty acids, the molecule is called an alkoxydi- 
glyceride($). The presence of batyl alcohol 
in bone marrow(6) has stimulated interest 
recently in its role in hematopoiesis(7-9) and 
in radiation sickness(10). The possible effec- 
tiveness of this compound as an antidote for 
bracken poisoning in cattle(11) has recently 
been questioned(12). The present report 
deals with absorption of labelled chimyl alco- 
hol in man; it follows earlier studies in rats 
(13). In confirmation of the animal work, 
the present data show that in man chimy] al- 
cohol is well absorbed, and that in the mu- 
cosa a significant cleavage of the ether link- 
age takes place. The findings are theoretically 
important, for they indicate the presence in 
the mucosa of hitherto undefined enzymatic 
mechanisms. 

Materials and methods. Labelled material. 
[| 1-C!*|-hexadecyl-alpha-glyceryl ether (chi- 
myl alcohol) was prepared from [1-C1*]- 
cetyl alcohol according to procedure of Holmes 
et al.(6). The labelled compound was the 
same as that used in animal studies(13), and 
had a specific activity of 1 x 10° c.p.m./mg 
(0.2 wc). All counting was done in infinitely 
thin layers in aluminum planchets with win- 
dowless flow counter; at least 1000 counts 
were made in all cases. Patients. This study 
was performed on 2 patients. The first (A) 
was a 52-year-old Puerto Rican woman with 
chyluria whose clinical history has been de- 
scribed(14). Previous investigations on ab- 
sorption of various fats by this patient also 
have been reported(15,16). All studies were 
made on metabolic ward of Rockefeller Insti- 
tute Hospital. The second patient, investi- 
gated in Depts. of Medicine and Clinical 
Chemistry, Univ. of Lund, Sweden, was a 67- 
year-old male with bilateral chylothorax sec- 
ondary to carcinoma of unknown origin. Al- 
though he was in good nutritional state, it was 
necessary to perform thoracenteses twice a 
week. The composition of his chyle fat was 
the same as that of normal human thoracic 
duct lymph(17), mainly triglyceride with 
10% phospholipids and 2-3% cholesterol and 
cholesterol esters. Paper electrophoresis of 
serum and chyle showed identical patterns 
of proteins. When 10% protamine sulfate 
was added to his chyle, the chylomicrons im- 
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mediately aggregated and floated to the sur- 
face, as described by Brown(18) for rat 
chyle. 

Metabolic design. Patient A was main- 
tained at constant body weight with orally- 
administered liquid formula(14), essentially 


“fat-free,” fed 5 times a day. On day of this 


experiment the 7 a.m. portion was enriched 
with 2.5 g corn oil containing 25 mg (5 pc) 
of C'-labelled chimyl alcohol. Through rest 
of day the fat-free formulas were ingested at 
usual times. The patient was continually am- 
bulatory. Complete urine collections were 
made in 3-hour periods for 12 hours. Urine 
was immediately diluted with equal volume 
of 95% ethanol and stored at 4°C prior to 
analysis. Patient B was maintained on a mixed 
hospital diet. On first day of experiment the 
chest was emptied as completely as possible 
by thoracentesis, and 2 g olive oil containing 
18 mg (3.6 wc) of C-labelled chimyl alco- 
hol was fed on a piece of bread. A second 
thoracentesis was performed 48 hours later 
with removal of 800 ml of chylous fluid. This 
was diluted immediately with equal volume 
of 95% ethanol and stored at 4°C until ana- 
lyzed. 

Extraction of lipids from chyle and from 
chylous urine with 20 volumes of ethanol: 
ether (3:1). Non-lipids were eliminated by 
petrol ether (60-70°C) rectification after con- 
centration of the extracts to small volumes 
under high vacuums at temperatures below 
30°C. Aliquots were taken for total counts. 
Phospholipids were precipitated twice with 
ice-cold acetone and dissolved in petrol ether. 
After hydrolysis analyses were made of phos- 
phorus, total fatty acids and C'-labelled 
fatty acids. Non-esterified fatty acids were 
removed from the acetone-soluble lipids by 
passage over Amberlite [RA-400 and were re- 
covered as described by Borgstré6m(19). The 
remainder of the extract, after removal of 
phospholipids and free fatty acids, was ap- 
plied in benzene to a silicic acid column. 
Triglycerides and chimyl alcohol di-esters 
were eluted together with benzene; benzene: 
chloroform (85:15) eluted no labelled ma- 
terial; free chimyl alcohol was eluted with 
chloroform. This chromatographic behavior 
of the alkoxydiglyceride and of the free alco- 
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hol has been described(13,20). Hydrolyses 
were performed with 4% KOH in 95% 
ethanol with sufficient benzene added to dis- 
solve the lipid. After evaporation, the mix- 
ture was acidified and extracted into petrol 
ether. In the case of hydrolysis of the tri- 
glyceride-chimyl alcohol di-ester fraction, 
fatty acids were removed with alkaline 50% 
ethanol, leaving non-saponifiable material (in- 
cluding chimyl alcohol) in the petrol ether 
phase. Fatty acids were recovered and sub- 
jected to permanganate oxidation(21). Un- 
oxidized saturated acids were recovered; they 
contained all radioactivity originally present. 
These saturated acids were subjected to re- 
versed phase chromatography according to 
Howard and Martin(22), with titration and 
counting of the effluent curve. Almost all 
activity was confined to one titration peak. 
Radioactive fractions were combined, fatty 
acid recovered and diluted with unlabelled 
palmitic acid. Five recrystallizations from 
90% aqueous acetone were carried out and 
changes in specific activity were followed. 
Labelled chimy]l alcohol eluted in chloroform 
was recovered, diluted with unlabelled chimyl 
alcohol, and the mixture recrystalized 5 times 
from petrol ether, assaying specific activity 
changes at each step. In Patient A fecal li- 
pids were extracted with hot 95% ethanol 
from stools of day 1, 2 and 3. Only a small 
number of counts were noted (5% of adminis- 
tered dose). Fecal lipids were saponified; all 
counts remained in the non-saponifiable frac- 
tion. 

Results. In Patient A the fecal data 
showed that 95% of administered labelled 
chimyl alcohol was absorbed. Approximately 
40% of the dose was recovered in urine within 
12 hours after administration, indicating that 
the patient shunted about 40% of her intes- 


tinal lymph into the urinary tract. This esti- 
mate of shunt size agrees well with data pre- 
sented previously(16), based on measure- 
ments of total lipid. Since 40% of adminis- 
tered dietary fat and 40% of administered la- 
belled chimyl alcohol were recovered in urine 
in approximately the same period, it seems 
probable that in man all absorbed chimy] al- 
cohol is transported via the lymphatic path- 
way. The same conclusion was reached in ex- 
periments on rats(13). 

Radioactive products were identified in 1) 
phospholipid fatty acids, 2) non-esterified 
fatty acids, 3) chimyl] alcohol di-ester (in the 
chimyl] alcohol moiety), 4) free chimyl alco- 
hol, and 5) fatty acids of triglycerides and 
chimyl alcohol di-esters. In the case of 1) 
and 5) above, the labelled fatty acid was iden- 
tified as palmitic acid by chromatographic iso- 
lation and by dilution with unlabelled pal- 
mitic acid and_ recrystallization without 
change in specific activity. By the same 
means labelled chimyl alcohol was identified 
in lymph lipids. Proportions of labelled 
products in these 5 fractions were very similar 
in the 2 patients (Table I); the results are 
entirely in agreement with data in rats(13). 
About 40% of absorbed chimyl alcohol was 
transported in lymph as free alcohol while 
about 10% of administered free chimyl alco- 
hol had become esterified. However, 50% of 
the alcohol had been converted to palmitic 
acid. This palmitic acid appeared to have 
entered the general fatty acid pool of the mu- 
cosa, for it became esterified with phospho- 
lipids and triglycerides in about the same pro- 
portions as in man with absorption of fatty 
acids(15). 

Failure to find labelled products in the 
saponifiable fraction of fecal lipids indicates 
1) rupture of ether linkage of chimyl alcohol, 


TABLE I, Distribution of Radioactivity in Lymph Lipids after Oral Administration of O*- 
Labelled Chimyl Alcohol. 


% of admin, 


Distribution of radioactivity, % of total recovered 


activity re- Chimy] alcohol Esterified FA 
: covered in Phospho- ‘Trigly- 
Patient lymph lipids FRA Free  LHsterified lipids cerides* 
A (12 hr) 39 5 42 11 1.5 45 
B (48 ” ) 3 32 14 ee 52 


* Ineludes fatty acids esterified with chimyl] alcohol. 
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2) conversion of palmitoyl alcohol moiety to 
palmitic acid, and 3) re-esterification of pal- 
mitic acid into glycerides and phospholipids 
must have occurred in the intestinal mucosa. 
However, unpublished experiments in rats by 
Blomstrand(23) indicate, that chimyl alcohol 
can be esterified in the intestinal lumen. This 
reaction is analogous to the breaking and 
making of glyceride ester bonds which occurs 
in the intestinal contents of rats(24) and man 
(25), presumably under the control of lipase. 

Summary. Labelled chimyl alcohol fed 
orally to a patient with chyluria was almost 
completely absorbed, and 40% of adminis- 
tered activity was recovered in 12 hours in the 
urinary lipids. About half of radioactivity in 
lymph was identified as chimy] alcohol, about 
three-fourths of which was present as free 
chimyl alcohol, and a fourth had become es- 
terified. The remaining 50% had been con- 
verted to palmitic acid, and found in triglycer- 
ides, phospholipids and free fatty acids in 
proportions expected when dietary palmitic 
acid is transported from the gut. Repetition 
of this study in a patient with chylothorax 
gave essentially the same results. The results 
indicate that rupture of ether linkage of 
chimy] alcohol can occur in the intestinal mu- 
cosa of man, as in the rat, and that the palmi- 
toy] alcohol moiety is readily oxidized to 
palmitic acid. 
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Many workers have attempted to trans- 
plant human cancers into experimental ani- 


* This work was supported in part by a grant from 
W.S-P2HS- 
+ Senior Research Fellow, U.S.P.H.S. 


mals but only a few have devised successful 
procedures. Greene(1,2), by inoculating into 
the anterior chamber of the eye, or into the 
brain of normal animals found that tumors 
“in the final developmental stages of meta- 
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stasizability” would continue to grow in these 
sites. Chute et al.(3), implanted human can- 
cer into the membranous wall of the cheek 
pouch of hamsters and obtained growth of 
about half of the specimens investigated. 
Toolan(4) demonstrated that some cancers 
would grow when implanted subcutaneously 
or in other sites of animals that had been 
treated with X-irradiation and/or cortisone. 
These cancers could be propagated in series, 
in animals so treated, but failed to grow in 
normal animals. The consensus is that fail- 
ure of cancer transplants to grow in subcu- 
taneous tissue of normal animals is due to an 
immunologic response on the part of recipient 
animal to antigens in implanted tissue. It oc- 
curred to us that one might circumvent this 
immunologic rejection of the cancer by taking 
advantage of the phenomenon of immunologic 
tolerance first described by Billingham e¢ al. 
(5). Using Toolan’s H Ep 3 cancer and in- 
oculating it directly into fetal rats, we have 
shown that it will continue to grow in these 
animals after birth, frequently causing their 
death. 

Materials and methods. The H Ep 3 was 
obtained from Sloan-Kettering Institute for 
Cancer Research through the courtesy of Drs. 
Toolan and Teller. We have maintained it 
as “stock” tumor in our laboratory by serial 
passage in weanling Wistar rats treated with 
150 r of X-irradiation and 4 subsequent injec- 
tions of 3 to 6 mg of cortisone acetate given 
on alternate days. Transplants have been 
made at 7 to 10 day intervals. Malignant tis- 
sue removed from stock animals was minced 
with scissors and ground to fine suspension in 
a sterile mortar with either Hanks’ or Eagle’s 
balanced salt solution as the suspending me- 
dium. For stock passage in weanling rats the 
suspension was drawn up through a 20 gauge 
hypodermic needle and inoculated subcutane- 
ously in 0.5 ml amounts. For inoculation into 
fetal animals the suspension was drawn up 
through a 27 gauge needle and 0.02 to 0.03 
ml was injected into each fetus. Pregnant rats 
were of Wistar strain obtained from Carworth 
Farms and bred in our laboratories. Preg- 
nancies were timed to within 24 hours. The 
technic of fetal inoculation was that devised 
by Woolpert(6) and used previously by one 


‘was made. 


of us (F.W.G.)(7) for propagation of viral 
agents in fetal animals. Employing an appar- 
atus described by Woolpert(8) for continu- 
ous administration of ether, and using aseptic 
precautions, a mid-line abdominal incision 
Horns of gravid uterus were 
brought out and the fetuses, clearly visible 
through uterine wall, were inoculated (care 
being taken to avoid trauma to the central 
nervous system) into the thoracic cavity, peri- 
toneal cavity or subcutaneous tissue. To mini- 
mize deleterious effects of anesthetic on the 
fetuses, rate of administration of ether was 
slowed and finally stopped during suturing of 
incision, so that when operation was complete 
the animal was nearly awake. When animal 
had given birth to her young she was dis- 
turbed as little as possible for 24 hours after 
which the young were examined daily for evi- 
dence of cancerous growths. All animals 
either died spontaneously or were sacrificed. 
They were dissected and examined and appro- 
priate pieces of tissue were taken for histolo- 
gic examination. 

Results. Animals tolerated inoculation pro- 
cedure very well; 85% of inoculated fetuses 
were born alive. This contrasts with results 
of Egdahl et a/.(9) who, in attempting to pro- 
duce heterologous tolerance in rats by inocu- 
lating rat fetuses with rabbit or mouse cells, 
encountered 60% to 80% fetal mortality. 

Of animals born alive, a high percent had 
malignant growths; in several instances every 
animal in a litter developed cancer. The tu- 
mors grew rapidly and often attained a con- 
siderable size, sometimes reaching a diameter 
of 2 cm. These growths frequently led to 
death of animals, usually within 2 weeks 
after inoculation. Tumors in thoracic or peri- 
toneal cavities killed more quickly and more 
regularly than did subcutaneous growths. In 
a few instances rapidly growing subcutaneous 
tumors began to regress about 2 weeks after 
inoculation and finally disappeared. 

Serial passage of the cancer in these normal 
animals has been achieved readily. Tissue 
taken from young rats that had been inocu- 
lated while in utero, was reinoculated into new 
litters of fetuses. At this time fetal passage 
cancer is in the fourth serial passage and has 
retained its original characteristics, When in- 
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oculated into weanling rats (treated with X- 
irradiation and cortisone) it produced tumors 
identical to stock tumors in gross and micro- 


‘scopic appearance, and failed to grow when 


inoculated into untreated weanling rats. Mi- 
croscopic examination of fetal passage tumors 
showed that they were identical to original 
stock cancer. 

It is not possible to state definitely the most 
appropriate fetal age for inoculation of H Ep 
3 cancer. We have used fetuses of 19, 20, 21 
and 22 days gestation age, and one litter of 
newborn rats (less than 12 hours old). None 
of the newborn rats developed cancer; only 
one rat in a litter inoculated on 22nd gesta- 
tion day (i.e., 6 hours before birth) developed 
a cancer, whereas most animals inoculated at 
19 to 20 days gestation age developed cancers. 
To obtain more definitive data we are repeat- 
ing these experiments using animals whose 
pregnancies are timed to within 8 hours. 
However, from results to date it seems reason- 
able to infer that susceptibility of the normal 
rat to H Ep 3 cancer is lost about the time of 
birth. 

Discussion. We believe that this is the first 
time a human cancer has been propagated in 
series in subcutaneous tissue of normal mam- 
mals. There can be no doubt that H Ep 3 
is a human cancer, for Korngold(10) has 
demonstrated clearly that it retains its human 
antigenicity. Using similar methods Kop- 
rowski et al.(11) and Wallace(12) were able 
to grow rat and mouse tumors in fetuses of re- 
sistant strains of the animals. Wallace(12) 
was unsuccessful however in propagating hu- 
man cancer cell line HeLa in fetal rats. Dagg, 
Karnofsky and Roddy(13) grew H Ep 3 in 
normal chicks by inoculating them either as 
embryos or as newly hatched (up to 3 days) 
birds. 

There occur 2 possible explanations as~ to 
why cancer grows so readily following inocu- 
lation into the fetus. One is that the inocu- 
lum has induced in these animals a specific 
immune tolerance to foreign antigens of the 
cancer. Some doubt, however, is cast on the 
validity of this explanation, because of the 
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regression of some tumors growing subcutane- 
ously. This suggests development by the 
animals of immunity against the cancer and 
we have under way experiments designed to 
evaluate their immune status. 

The second explanation is that the tumor 
has a high growth potential and, by taking ad- 
vantage of increased susceptibility of the fetus 
it “gets a running start” which enables it to 
keep ahead of the resistance mechanism which 
first appears about time of birth. If this be 
true then neoplasms with slower growth rates 
might be expected to behave differently from 
fast growing H Ep 3. 

Summary. It has been demonstrated that 
human cancer H Ep 3 when inoculated into 
fetal rats a few days before birth, proliferated 
in these animals and continued to do so after 
birth. The cancers grew to large size and 
when located in the thoracic or peritoneal cavi- 
ties usually killed the animals within 2 weeks. 
Serial passage of tumor by fetal inoculation 
was achieved readily and obviated treatment 
of animals with X-irradiation and/or corti- 
sone. The cancer retained its original charac- 
teristics after fetal passage. 
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Enhanced Susceptibility of Pertussis Inoculated Mice to Pollen Extract.* 
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LEON S. KIND AND LUISE ROESNER 
Dept. of Microbiology, University of California, San Francisco Medical Center 


It is now well known that mice inoculated 
with Hemophilus pertussis vaccine develop en- 
hanced sensitivity to lethal effects of hista- 
mine, serotonin, endotoxin, peptone, and ana- 
phylactic shock(1). The ensuing data will 
demonstrate that pertussis-inoculated mice 
can also be killed with doses of water soluble 
extract of pollen of rye grass (Lolium per- 
ennet) which are not lethal to uninoculated 
animals. The effect of administration of mix- 
tures of water soluble extracts of rye grass 
pollen (WSR) and rabbit antisera to WSR 
will also be discussed. 

Materials and methods. Swiss-Webster 
male and female mice weighing 17 to 25 g 
were inoculated intraperitoneally with 0.1 ml 
of pertussis vaccine (Cutter) containing 50 
billion organisms/ml. Five days later, per- 
tussis-injected as well as uninoculated animals 
were challenged i.v. with either 0.4 ml or 0.1 
ml of a solution of WSR containing 50 mg of 
extract/ml of saline. The lyophilized WSR 
had been prepared by the method of Sehon 
et al.(2) and contained 0.04 mg of N/mg of 
extract. Antisera were obtained from rabbits 
injected with WSR in Freund’s adjuvant for 
2 months. Such sera had titers of 1:4000 to 
1:8000 as measured by hemagglutination tech- 
nic(3) employing WSR coupled to red cells 
(via bis diazotized benzidine) as the antigen. 
Sera from rabbits bled the previous day were 
used in preparation of the serum-pollen mix- 
tures. Fifty mg of WSR was added to each ml 
of unheated serum and the combination incu- 
bated at 37°C for 30 minutes; no precipita- 
tion occurred. One-tenth ml of this mixture 
was then injected intravenously into mice in- 
oculated with pertussis vaccine 5 days previ- 
ously. Deaths were noted for 24 hours. 

Results. The data in Table I indicate that 
50% of pertussis-inoculated mice survived in- 


* This work supported in part by Grant from Inst. 
of Allergy and Infect. Dis., Bethesda, Md. 
+ Sharp and Sharp, Everett, Wash. 


jection of 5 mg of WSR and only 18% sur- 
vived 20 mg of this material. In contrast, nor- 
mal, uninoculated animals suffered no fatali- 
ties from equivalent challenge doses of WSR. 
Additional experiments indicated that pertus- 
sis-injected pollen-sensitive mice could be pro- 
tected from lethal effects of WSR with 0.5 mg 
of cortisone (Merck) administered 6 hours 


before challenge. The antihistamine pyranis- 


amine maleate (Neoantergan) however, of- 
fered no protection. 


The data in Table II indicate that only 


29% of pertussis sensitized mice challenged 
with pollen + antiserum survived; in contrast 
100% of pertussis inoculated mice challenged 
with antiserum alone or pollen alone remained 
alive. The difference between these percent- 
ages is Statistically significant (p — .01). 
Uninoculated mice did not succumb to the 
pollen-antiserum mixture, while 8 of 9 pertus- 
sis-injected mice survived the combination of 
WSR in normal rabbit serum (NRS). The 
majority of deaths occurred within 2 hours 
after administration of serum-pollen mixtures 
and resembled anaphylactic shock. However, 
the convulsions preceding death seemed more 
severe than those observed in mouse anaphy- 
laxis. The possibility that addition of WSR 
to its corresponding antiserum resulted in for- 
mation of soluble antigen-antibody complexes 
with anaphylaxis-inducing properties was con- 
sidered. However, the fact that normal rab- 


TABLE I. Enhanced Susceptibility of Pertussis 
Inoculated Mice to Pollen Extract. 


Mice 
sensitized Mice challenged Survivors % sur- 
with with /Total  vivors 
Pertussis 5 mg WSR* 7/14 50+ 
vaecine 
Idem 20 3/17 18} 
Nothing 5 15/15 100+ 
20 14/14 1004 


“ Water soluble rye grass extract. 
+} Difference between these percentages is statis- 
tically significant (p = .01). 
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bit serum (NRS) plus WSR killed one per- 


_ tussis-inoculated mouse (Table IT) led to ex- 


periments with additional normal rabbit sera. 
The data in Table III indicate that normal 
rabbit serum also may potentiate the effect of 
WSR in pertussis inoculated mice. Of 27 
mice challenged with NRS plus WSR, 30% 
survived; of 15 mice challenged with WSR 
alone, 86% survived The difference between 
these percentages is statistically significant (p 
= .01). It should also be mentioned that 
normal rabbit serum which enhanced toxicity 
of WSR (Table III) had a hemagglutination 
titer of zero when tested with WSR coupled to 
red cells. 

Discussion. Subsequent experiments involv- 
ing a number of different sera confirmed the 
above results; however, the occurrence of a 
significantly greater number of deaths in mice 
injected with pollen-serum mixtures is quite 
irregular. Rabbit serum alone did not kill 
any animals. Pollen alone did not kill more 
mice than pollen plus serum. With pollen- 
serum mixtures one could kill a significantly 
greater percentage of pertussis sensitized mice 
on a particular day; however one could never 
be sure of duplicating the result on succeeding 
day. The reason for this variability is un- 
known, but such irregularities with different 
serum-antigen mixtures have been reported 
(4). The fact that normal rabbit serum (titer 
of zero) and immune rabbit serum (titer 
of 1:8000) both caused a greater number of 
deaths when mixed with WSR suggested that 
the combination of rabbit serum and WSR 
lead to formation of anaphylatoxin. Rocha e 


TABLE II. Effect of Injecting Mice with a Mix- 
ture of Pollen Extract and Its Homologous Anii- 


serum. 
Mice 

sensitized Mice challenged Survivors % sur- 
with with /Total vivors 

Pertussis WSR*-+ antiserumt 5/17 298 
vaccine 

Idem WSR 21/21 100§ 
4 Antiserum 15/15 100 
ue WSR + NRSt 8/ 9 89 
” NRS 15/15 100 

Nothing WSR + antiserum 15/15 100 


* Water soluble rye grass extract. 

+ Titer 1:8000. 

¢ Normal rabbit serum, 

§ Difference between these percentages is statis- 
tically significant (p — .01). 
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TABLE III. Effect of Injecting Mice with a Mix- 
ture of Pollen Extract and Normal Rabbit Serum. 


Mice 
sensitized Mice challenged Survivors % sur- 
with with /Total vivors 
Pertussis WSR* + NRSt 8/27 30t 
vaceine 
Idem WSR 13/15 86t 
‘2 NRS 10/10 100 


* Water soluble rye grass extract. 

+ Normal rabbit serum—titer of 0. 

+ Difference between these percentages is statis- 
tically significant (p = .01). 


Silva and Aronson(5) reported that agar in- 
cubated with guinea pig serum produced ana- 
phylatoxin, whereas agar incubated with cit- 
rated plasma did not do so. In addition, heat- 
ing of serum at 60°C for 60 minutes before 
activation with agar completely destroyed its 
capacity to be activated. We found that the 
mixture of WSR and citrated plasma is as ac- 
tive as the combination of WSR and serum. 
Experiments with heated serum, however, 
have thus far been inconclusive. Although the 
question of anaphylatoxin is unsettled, en- 
hanced activity of mixtures of pollen and nor- 
mal serum should be kept in mind. Recently, 
the increased biological activity of a mixture 
of pollen extract plus its corresponding anti- 
serum was attributed to formation of soluble 
antigen-antibody complexes, although no con- 
trol with normal serum was mentioned (6). 

Finally, it is of interest that pertussis in- 
oculated mice possess enhanced sensitivity to 
pollen extract when they are also histamine 
sensitive. The possibility must therefore be 
considered that pollen extracts have histamine 
releasing properties which may account for 
the notoriously high incidence of false positive 
skin tests with these materials. 

Summary. Pertussis inoculated mice have 
an enhanced susceptibility to lethal effects of 
water soluble extract of rye grass pollen. A 
mixture of this pollen extract with specific im- 
mune rabbit serum or normal rabbit serum 
will kill more pertussis inoculated mice than 
pollen extract alone. 
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Spontaneous Hereditary Diabetes Mellitus in Chinese Hamster 


(Cricetulus griseus). 1, Pathological Findings. 


aa 


(24786) 


Hans MEIER AND GEORGE A. YERGANIAN (Introduced by Sidney Farber) 
Departments of Patholoy, The Children’s Medical Center and Harvard Medical School, and 
The Children’s Cancer Research Foundation, Boston, Mass. 


Spontaneous diabetes mellitus has been re- 
ported in a number of nonrodent species, in- 
cluding cattle, horses, pigs, sheep, dogs and 
cats(1). Estimates of relative frequency of 
this type of diabetes in domesticated animals 
vary considerably, the generally accepted fig- 
ure is approximately 1:1000(1). The re- 
ported incidence for dogs ranges from 1:260 
to 1:800, and for cats approximately 1:1500. 
The disease occurs in all age groups of ani- 
mals; however, in dogs there is a marked peak 
at upward of 8 years. The majority of dia- 
betic dogs are females, especially neutered fe- 
males, whereas in cats, diabetes is more com- 
mon in males(2-4). Microscopic findings most 
frequently observed in animals are “hydropic 
degeneration” of the islets, hyaline and amy- 
loid changes. Diminution in number and size 
of islet tissue, and even complete absence were 
also described. In dogs, diabetes mellitus is 
less frequently a disease of islet tissue proper 
than a probable sequel to acute pancreatitis 
common in obese animals(2). Reports of 
spontaneous diabetes in laboratory rodents ap- 
pear to be lacking. The literature concerning 
experimental surgical and drug-induced dia- 
betes, however, is extensive(4). The present 
paper describes clinico-pathological findings 
in spontaneous diabetes mellitus of Chinese 
hamsters (Cricetulus griseus) maintained at 


* This investigation was supported in part by grants 
from National Science Foundation, Damon Runyon 
Memorial Fund, and Nat. Cancer Inst., N.LH., 
Wisk ledale FSi 

+ We wish to acknowledge with gratitude technical 
assistance of Messrs. John J. Burke, Henry Gagnon 
and John C. Hedges. 


this institution(5). The evidence indicates 
that it is hereditary. The genetic and heredi- 
tary aspects will be the subject of a separate 
report. 
motherapy, screening of hypoglycemic agents 
and metabolic studies in these hamsters will 
be published elsewhere. 

Symptoms. Abnormal signs are usually ob- 
served from 18 days of age and later develop 
into either mild or severe cases. Both sexes 
seemed affected with about equal frequency. 
Diabetic hamsters exude a peculiar pungent 
body odor; the fur is damp and the abdomen 
stained yellow and soiled with urine. Some 
hamsters excreted up to 50-70 ml of urine in 
24 hours, reflecting severe polyuria. Meta- 
bolic studies of fluid intake, urine excretion 
and insulin assays are in progress. At onset 
of symptoms, the hamsters gain considerable 
weight, become sluggish and severely dehy- 
drated. Blindness is noted occasionally, the 
pupils turning gray, or the cornea becoming 
opaque. The mortality in untreated animals 
is extremely high. Sudden death may result 
from the mildest stress, such as transfer of 
animals from one cage to another, or by slight 
changes in room temperature (5-8°F). Lab- 
oratory findings. Clinical biochemical investi- 
gations were originally restricted to basic diag- 
nostic determinations such as blood and urine 
sugar, NPN, hematocrit, urine ketone bodies, 
and specific gravity. Blood sugar levels, for 
normal hamsters, ranged 103 to 116 mg %, 
averaging 110 + 6mg %. Diabetic hamsters 
had levels between 200 and 600 mg %. An 
isolated urine sugar value in one animal was 
over 828 mg %. Specific gravity of urine was 


In addition, preliminary data on che-— 
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FIG. 1. Panereatie islet of normal Chinese hamster. The islet cells form co 


mpact agglomera- 


tion with faintly stained eosinophilic cytoplasm and round nuclei of uniform type. Hematoxylin 


and eosin. 163. 


FIG. 2. Early changes in islet of diabetic hamster involving beta cells. Many beta cells are 
ballooned, their cytoplasm being unstained, cloudy, or translucent from degranulation and 


‘*hydropic degeneration. ’’ 


Chrome alum hematoxylin-phloxin. 163. 


FIG. 3. Severe changes of pancreatic islet in diabetic hamster. Beta cells have completely 
disappeared, giving to the islet a ‘‘glandular’’ appearance. Some of the beta cells seemed to 


be replaced by fat cells (‘‘ Vakat-Fett’’). 


Chrome alum hematoxylin-phloxin. 163. 


FIG. 4. Some of the vacuolated beta cells revealed PAS-positive staining material periph- 
erally or around karyolytic nuclei. PAS stain. 163. 


greatly elevated in the glycosuric animals, 
from normal 1018 to 1029+. A few severely 
diabetic hamsters showed signs of uremia; 
blood NPN levels as high as 118 mg % were 
found, the normal being 45 + 3 mg %. In 
attempts to determine whether or not an ani- 
mal was diabetic, rapid qualitative or semi- 
quantitative tests were conducted. The most 
convenient methods were—Clinistix+ for urine 
sugar estimates, and Acetest} for ketone 
bodies. These proved especially helpful in 
early detection of diabetes, in evaluating hy- 
poglycemic therapy and in establishing effec- 
tive drug dosages. Breeding. As the number 
of diabetic hamsters increased (at present 
more than 150 animals) it was noted that cer- 
¢ Ames Co., Elkhart, Ind. 


tain of our inbred lines (JFY, VSY, ORY, 
and JBY) were affected with a higher inci- 
dence and greater severity. An extensive 
breeding program has been inaugurated to 
evaluate the genetic background of diabetes. 
Because many animals are totally dependent 
upon diabetic therapy for continued existence, 
maintenance of fertility is an ever-present ob- 
stacle. Abortions, incomplete pregnancies and 
death at delivery were encountered. Repeated 
daily mating tests and improved treatment 
have improved the number of pregnancies and 
successful deliveries. Attention is also paid 
to diet of hamsters. All animals are main- 
tained on Purina laboratory chow with supple- 
mentary wheat germ flakes. A detailed ac- 
count will be presented later. 
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FIG. 5 and 6. Cross and sagittal section through a kidney of a diabetic hamster, showing moder- 
ate hydronephrosis. Hematoxylin and eosin. X15. 


Pathology. Macroscopic findings were re- 
stricted to the urinary system. In a few ani- 
mals, pelves and recesses of kidneys in the 
diabetic hamsters were bilaterally distended 
(hydronephrosis) and retained a clear, trans- 
parent, odoriferous urine. Renal parenchyma 
appeared normal. The bladder was dilated 
and contained up to 0.5 ml urine. The pan- 
creas was normal grossly. The liver was, in 
some instances, moderately enlarged and the 
color varied from clay to yellow. Spleen, ali- 
mentary tract, lungs, cardiovascular system 
and external genital organs were normal. Con- 
junctivitis and partial alopecia were observed. 
Other organs did not vary from those of nor- 
mal controls Microscopic sections were rou- 
tinely stained with hematoxylin and eosin; 
special stains employed were chrome alum 
hematoxylin-phloxin for the pancreas (to dif- 
ferentiate between islet cells) and PAS for 
pancreas, liver and kidneys. ‘Tissues were 
fixed in Bouin’s solution and cut at 8 , except 
for frozen sections which were fixed in neutral 
buffered formalin, cut at 16 mw, and stained 
with Sudan-hematoxylin. 

Pancreas. Pancreatic islet changes were 
most striking as compared to normal islets 
(Fig. 1). There appeared to be compara- 


tively few islets in diabetic animals and essen- 
tially all of them revealed abnormal cellular 
composition, varying in degree. Many cells 
were ballooned, the cytoplasm being unstained 
and cloudy or translucent (Fig. 2). The nu- 
cleus was either pushed peripherally and flat- 
tened, or remained in central position. It was 
represented by a karyolytic remnant. Many 
cells seemed to have disappeared from the is- 
lets, with a resultant gland-like appearance 
(Fig. 3). Adjacent cells appeared normal; 
some were crushed through expansion of the 
degenerating cells. All stages from an early 
loss of cytoplasmic staining affinity and vacu- 
olization, to cell death with shedding of the 
nucleus could be observed in several islets. In 
normal hamsters, the islet cells formed com- 
pact clumps with faintly stained eosinophilic 
cytoplasm and round nuclei of uniform sizes. 
Alpha and beta cells were clearly distin- 
guished in the specially stained sections. In 
normal hamsters, beta cells prevailed; occa- 
sional alpha cells appeared peripherally and 
in well vascularized islets. Diabetic hamsters 
disclosed low ratios; beta cells were consider- 
ably reduced and alpha cells accumulated peri- 
pherally to the islets. Many contained clus- 
ters of bright red cytoplasmic granules, espe- 


* yw 


HEREDITARY DIABETES 


cially in diabetic animals. The cytoplasm of 
beta cells stained only lightly basophilic, with 
some evidence of diffuse fine granulation. In 
diabetic hamsters, however, only a few ap- 
peared normal, in most islets. Their cyto- 
plasm stained irregularly because of vacuolar 
changes; the fine granulation was almost in- 
discernible; staining affinity was entirely lack- 
ing in ballooned cells. Some of the vacuolated 
islet cells revealed PAS-positive staining ma- 
terial in the cytoplasm (Fig. 4), which accu- 
mulated around centrally located dead nuclei. 
Frozen sections of pancreas were extremely 
difficult to obtain. In most of them, the islets 
had “dropped out.” Although it would ap- 
pear that beta cells were, in some severe cases, 
replaced by fat cells (““Vakat-Fett”) no posi- 
tive fat staining was observed in the milder 
cases of diabetes. 


Kidneys. In many hamsters there was se- 
vere dilatation of pelves and calyces, in the 
absence of mucosal inflammatory changes. 
Renal parenchyma adjacent to pelvis was not 
compressed (Fig. 5 and 6). Minute surface 
irregularities could be observed above col- 
lapsed convoluted tubules. A few scattered 
terminal tubules were also dilated. These con- 
tained abundant protein precipitate. The 
tubular epithelium was often swollen with 
clear cytoplasm. Many proximal convoluted 
tubules were collapsed; others were without 
lumens because of intraluminal proliferation 
and budding, simulating pseudoglomerular 
structures. Almost all glomeruli were hypo- 
cellular and showed marked intercapillary 
sclerosis (Fig. 7). Some glomerular tufts 
were deprived of endothelium, and others 
showed endothelial swelling. Bowman’s cap- 
sule appeared slightly thickened and, in a 
few, glomerular tufts adhered to Bowman’s 
capsule. PAS-positive material accumulated 
within the capillary tufts, completely obliter- 
ating the glomerular structure, and also in the 
basement membrane (Fig. 8). These deposi- 
tions occurred throughout all glomeruli. Gly- 
cogen, or possibly lipoprotein deposition, was 
noted in the brush borders of proximal convo- 
luted tubules and occasionally in collecting 
tubules. Fatty changes of tubules were very 
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mild, but sudanophilia was essentially lacking 
in most kidney sections. 


Liver. The lobular architecture was well 
preserved. Nuclei of hepatic cells displayed 
occasional enlargement and a “glassy” ap- 
pearance suggesting increased glycogen con- 
tent. In some sections there was extensive 
vacuolization, especially centrolobular, but oc- 
casionally involving entire lobules. Strikingly 
perinuclear halos were observed; these were 
positive for glycogen, but negative for fat. 
Intracytoplasmic clumping of PAS-positive 
material occurred diffusely in hepatic cells 
with no apparent zonal distribution (Fig. 9). 
The fat content was essentially identical with 
that in normal animals or was decreased (Fig. 
10). 

Other tissues. All organs, including skin, 
eyes, and pituitary, appeared to be normal. 
In no material examined microscopically was 
there evidence of retinopathy. Interestingly 
enough, the pericardiac adipose tissue revealed 
large quantities of PAS-positive material to an 
extent similar to the liver. Changes in the 
cardiovascular system, if present, were com- 
parable to those in normal animals. There 
did not seem to be any correlation between 
diabetes and cardiovascular disease. 

Discussion. Apart from the fact that spon- 
taneous diabetes mellitus would be unusual 
in the Chinese hamster, the similarity of 
pathological findings to certain human 
changes and diabetes in experimental animals 
is of particular interest. The main cause of 
diabetes in the Chinese hamster is a disease of 
beta cells in the pancreatic islets; pathological 
changes consist of severe damage, vacuolar 
(‘“hydropic”) degeneration and deficiency. 
These lesions have been reported in almost 
every type of diabetes, both human and ex- 
perimental. 


The problem and significance of “hydropic 
degeneration” has recently been reevaluated 
(4). The findings in the Chinese hamster 
lend support to the new concept that “hy- 
dropic degeneration” is a regressive response 
to excessive functional activity, causing de- 
granulation and glycogen infiltration as a 
component of generally increased glycogen 
deposition late in the disease. The latter re- 
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FIG. 7. Almost all glomeruli in diabetic hamsters are hypocellular and ischemic. Scattered 
distal convoluted tubules are dilated; others are lumenless from hypertrophy of the lining cells. 


Hematoxylin and eosin. x93. 


FIG. 8. Intereapillary glomerulosclerosis associated with deposition of PAS positive mate- 


rial. PAS. 185. 


FIG, 9. Extensive glycogen deposition occurs throughout the liver. PAS stain, X313. 
FIG. 10. Extensive vacuolization of the liver, both eentrolobular and involving entire lob- 
ules. Only minute amount of fat is revealed. Sudan-hematoxylin. 3813. 


sponse is analogous to the pathogenesis of 
glycogen nephrosis leading, in hamsters, to 
polyuria and uremia. 

Experimentally, diabetes mellitus is pro- 
duced by a variety of procedures such as ad- 
ministration of crude anterior pituitary ex- 
tracts, adrenocortical steroids, thyroid extract, 
prolonged dextrose administration, alloxan 
and partial pancreatectomy. Morphological 
evolution for development of diabetes is de- 
granulation, vacuolization, and eventual dis- 
appearance of beta cells. This sequence of 
events is reflected in the pancreas of diabetic 


hamsters suffering from varying degrees of hy- 
perglycemia. Hyperglycemia per se also is a 
pathogenetic factor responsible for beta cell 
degeneration and glycogen infiltration. 

In addition to morphological ‘alterations, 
particular significance attaches to! the prob- 
lem of the etiology in diabetes mellitus. For 
man, 3 causes are generally listed: heredity, 
obesity and hormonal disturbances(6). The 
importance of hereditary factors in develop- 
ment of diabetes is stressed by many investi- 
gators. It was postulated that in man, dia- 
betes mellitus is probably not homogeneous 


SEROTONIN IN CANINE MAstTocyToMAS 


genetically, and that the insulin-sensitive form 
_ of early onset behaves as if it were due to one 
or more recessive genes with or without re- 
duced penetrance(7). Considerable evidence 
has accurnulated to indicate that in the Chi- 
nese hamster, the disease is hereditary. The 
mode of inheritance is being investigated. It 
is obvious that there is tremendous value in 
having at hand an experimental animal in 
which genetic studies of diabetes can readily 
be made. Such a tool is also of importance in 
screening and study of potentially hypogly- 
cemic agents. 

Summary. Spontaneous diabetes mellitus, 
as observed in Chinese hamsters, has been de- 
scribed and compared with diabetes in human 
and experimental animals. Evidence was 
cited that in Chinese hamsters, the disease is 
genetically determined. Certain inferences 
were drawn as to the importance and signifi- 
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cance of this observation for the future study 
of inheritance of diabetes, screening of hypo- 
glycemic agents in the Chinese hamster, and 
metabolic studies. 
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A number of biological materials have been 
associated with mast cells. Considerable 
amounts of heparin and histamine are pro- 
duced and stored in dog mastocytomas(1) ; 
in addition, production of hyaluronic acid has 
been observed(2). However, the quantities of 
heparin and histamine, in dog mastocytomas 
are only half those of mouse mastocytomas 
(3). The serotonin content of dog mast cell 
tumors has not previously been established. 

The results of our assays are reported in 
this paper. 

Experimental. A. Biochemical studies. 5- 
Hydroxytryptamine (5-HT) was determined 
in 8 canine mastocytomas, following the meth- 
od of Udenfriend et al.(4). The 5-HT equiva- 
lents found are presented in tabular form 
(Table I). 


B. Histochemical studies. Sections of tu- 


* This investigation was supported in part by grant 
from Nat. Inst. of Health, U.S.P.H.S. 


mors were stained with hematoxylin-eosin, 
Giemsa, and toluidine blue, and by the post- 
coupled benzilidin reaction.| The mast cells 
of the different tumors contained a varying 
number of granules which stained deep blue 
with Giemsa and toluidine blue. Size of the 
granules decreased with malignancy of the tu- 
mors. The post-coupled benzilidin reaction is 
group-specific for all indol bodies, but does 
not identify serotonin as such(5). By this 
technic, the cytoplasm of the mast cells re- 
vealed a diffuse bluish staining and the gran- 
ules showed a more intense blue color. A 
similar preparation from a mouse mastocy- 
toma showed the same type of reaction, in re- 
gard to both cytoplasmic and granular stain- 
ing (Figs. 1 and 2). 

Discussion. Whereas heparin and histamine 


+ We are grateful to Dr. George G. Glenner, Johns 
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816 SEROTONIN IN CANINE MASTOCYTOMAS 
TABLE I. 
ED 
Serotonin 
Breed Age (yr) Sex Tumor site Size (em) Duration (ug/g)t 
Boxer 9 a Stifle ED Galena Unknown .32 
Hs Hi a Scrotum 4x4xX2 39 
“d 3 3 Thigh 2:8 x 2:8 K 2.8 5-6 mo 81 
4 7 3 Shoulder BOA Saag LES Callen Unknown 83 
Collie uf s$¢o* Tarsus 2.0 & 0.4 ; .29 
Pointer 9 é Serotum ZC 2 ee, Several mo .78 
Spitz 4 fe) Shoulder DX ZK NT 2 wk D2 
Terrier 15 é Scrotum Lo elope ito Unknown 59 


* §9—Spayed female. 


+ Wt refers to dry, lyophilized tumor material. 


FIG. 1 (top). Section of a canine mastocytoma 
stained by the post-coupled benzilidin reaction. 
Diffuse cytoplasmic and granular staining indi- 
cates presence of indol bodies, 


FIG. 2 (bottom). A comparable section of a 
mouse mastoeytoma illustrating indol-positive gran- 
ules. 


appear to be universally present in mast cells 
of higher vertebrates, the mast cells of mice 
and rats contain, in addition, large amounts of 
5-HT(6). The 5-HT content of mouse mas- 
tocytoma is as high as 28 pg/g of lyophilized _ 
tumor, which is the largest concentration re- 
ported for mammalian tissue other than car- 
cinoid tumors of man(3,6). Canine masto- 
cytomas yield extremely small quantities of 
5-HT, as do other tissues of the dog(7). The 
accumulation of indol bodies, as evidenced his- 
tochemically, would suggest either excess oxi- 
dation (by monoamine oxidase) or deficient 
synthesis of serotonin in the dog due to ab- 
sence of some enzymes (hydrolase, decarboxy- 
lase). The widespread distribution of mono- 
amine oxidase in the vertebrate tissues and 
the high urinary excretion of 5-hydroxyindol- 
acetic acid in the dog would indicate rapid 
metabolism of 5-HT, rather than a deficiency 
of production(8). Microscopically, no corre- 
lation has been found between degree of ana- 
plasia or maturity of the mast cells, size of the 
granules, and the serotonin content, as was 
demonstrated for heparin. 

Summary. Eight canine mastocytomas re- 
vealed only negligible quantities of 5-HT, av- 
eraging 0.49 ug/g dry weight, although histo- 
chemically large amounts of indol compounds 
could be demonstrated. 
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Previous work showed(1) that exposure of 
adult mice to x-radiation prior to parenteral 
inoculation of Coxsackie virus resulted in an 
increased proliferation of the viral agent in 
various organs examined without a concomi- 
tant rise in mortality rates. Although the 
mechanism of this enhancive effect was not 
made clear by this study, one possible explana- 
tion suggested was the inhibition of antibody 
formation by x-radiation administered prior 
to injection of the antigen, as demonstrated by 
Dixon, et al.(2,3). The experiment reported 
here was, therefore, designed as a supplemen- 
tary study to those previously reported in an 
attempt to correlate viral titers from selected 
organs with serum antibody levels. Further, 
it attempted to determine the effect of x-ra- 
diation upon secondary antibody response of 
mice and its relation to viral proliferation in 
selected tissues. 

Materials and methods. Virus. The Pow- 
ers strain of Coxsackie virus isolated by Chee- 
ver, et al.,(4) and classified by Dalldorf(5) as 
Group B Type 4 strain was used. The char- 
acteristic lesions produced in suckling mice 
have been described by Pappenheimer, e¢ al., 
(6). The strain had undergone 27 suckling 
mouse passages in our laboratory and the 
stock virus consisted of a 20% suckling mouse 
carcass suspension. All inoculations consisted 
of 0.10 ml of a 10°! suspension of stock virus 
representing approximately 100,000 suckling 
mouse LD;9. Swiss white mice of the Tum- 
blebrook and CFW strains obtained from 
Tumblebrook Farms, Brant Lake, N. Y., and 


* This study supported by U. S. Atomic Energy 
Comm. 


from Carworth Farms, New City, N. Y., re- 
spectively, were employed. No differences 
were noted in susceptibility of these 2 strains 
of mice to infection with the virus or to effect 
of x-radiation. Roentgen radiation was deliv- 
ered by Westinghouse therapy x-ray unit 
housed in a special chamber. Radiation was 
delivered by 4 milliampere current operating 
at 100 kilovolts and filtered through 1 mm of 
aluminum (HVL 1.1 mm Al). The field size 
was 20 cm square; individual readings taken 
at selected points in the target area with Vic- 
toreen r meter varied from 5.1 to 5.5 r in air/ 
minute. X-radiation delivered as a single mas- 
sive dose (400 r) was administered to the 
whole body of the animal at skin target dis- 
tance of 75 cm at average rate of 5.3 r/minute. 
All radiation was administered 24 hours prior 
to inoculation. Titration of virus. Selected 
tissues were harvested at various intervals fol- 
lowing inoculation and prepared as 20% sus- 
pensions in 0.2% bovine albumen broth and 
stored in a COs chest until tested. Infectiv- 
ity determinations were carried out in suck- 
ling mice less than 48 hours old. All litters 
were pooled and redistributed in random man- 
ner prior to inoculation. Decimal dilutions of 
the suspension to be tested were made in 0.2% 
bovine albumen broth and 0.02 ml was in- 
jected intraperitoneally into each of 16-22 
mice comprising 2 litters. The inoculated 
mice were observed for 12 days. When pos- 
sible, mice dying after inoculation of critical 
dilutions were autopsied and examined for 
gross lesions of interscapular fat pads taken 
as a criterion of specific death. The LD5» 
endpoint dilution was calculated by the meth- 
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od of Reed and Muench(7). Determination 
of antibody level. The constant virus-vary- 
ing serum method was used for all neutraliza- 
tion tests. Equal amounts of virus and serum 
dilution were mixed and incubated at 37°C 
for 2 hours. The tubes were then placed in 
ice water bath until inoculations could be car- 
ried out. Inoculations consisted of 0.02 ml 
injected intraperitoneally into each of 16-22 
suckling mice (2 litters) for each serum dilu- 
tion. Mice were observed for 12 days and the 
specificity of deaths determined as previously 
described. All serum dilutions were made in 
phosphate buffered saline. Virus concentra- 
tion used was approximately 10 LD; (range 
3.2-32LD;9). Actual titer was confirmed at 
time of each test by inoculation of appropriate 
dilutions into 2 litters of suckling mice. Se- 
rum controls were also included. The anti- 
body level was recorded as the initial serum di- 
lution protecting 50% of the mice and was 
calculated according to the method of Reed 
and Muench(7). Procedure. Two hundred 
3-4 week old CFW mice with an average 
weight of 8-10 g were separated in random 
manner into 2 groups of 100 mice each. These 
were designated as control and x-ray groups. 
The x-ray group received 400 r whole body 
radiation as described. Twenty-four hours 
after exposure all mice in both groups were 
inoculated intraperitoneally with 0.1 ml of a 
10+ suspension of Powers virus. The mice 
were observed daily and on 5th, 10th and 30th 
days following inoculation 10 mice were sac- 
rificed from each group. The mice were 
lightly etherized and exsanguinated by sever- 
ing the subclavian artery. Blood was col- 
lected and pooled separately for each of the 
2 groups. The serum obtained was frozen at 
—20°C and stored for later antibody studies. 
Brain, heart, spleen and pancreas were har- 
vested aseptically- using individual instru- 
ments for each organ. These were pooled for 
each group according to tissue and suspensions 
prepared for infectivity determinations as de- 
scribed. On 30th day following inoculation 
the 2 groups were each separated into sub 
groups. One half of control and x-ray groups 
were then exposed to 400 r x-radiation as be- 
fore and designated ‘control - x-ray,” and 
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TABLE I. Viral Titers of Selected Organs and 


Serum Antibody Levels in Irradiated and Control — 


Mice following Inoculation with Coxsackie Virus. 


Control X-ray 
5% 10 30 5 10 30 
Brain t 2.5 
Heart 2.6 
Spleen 2.6 
Pancreas 5.1} 6.0 2.5 
Serum 1:32 13320 12320 1:68 1:130- is¢ 


PD 508 


* Days following inoculation. 

+t Negative at 10+ dilution. : 

¢ Log of reciprocal of LD;, endpoint dilution, 
§ Dilution of serum protecting 50% of animals. 


“x-ray - x-ray” sub groups, respectively. The 
remaining mice of both groups received no 
further radiation and were designated as 
“control-control” and ‘“‘x-ray-control” 
groups according to their x-radiation experi- 
ence in the first and second phases of the ex- 
periment. Twenty-four hours following radi- 
ation of the first 2 sub groups all 4 sub groups 
of mice were reinoculated with 0.10 ml of a 
10+ suspension of Powers virus. On 5th, 10th 
and 30th day following this inoculation 10 
mice were sacrificed from each of the 4 sub 
groups and bled for serum antibody studies. 
Selected organs were harvested and viral con- 
tent determined as previously described. No 
spontaneous deaths occurred during the pe- 
riod of study. 

Results. The results of the first phase of 
this experiment are presented in Table I. 
During the first 30-day period only the pan- 
creatic tissue yielded any demonstrable virus 
in the control (unirradiated) group. In this 
group an appreciable amount of virus was 
present on fifth day following inoculation. On 
the other hand, all tissues tested from the x- 
ray group had demonstrable levels of virus 5 
days after inoculation and the pancreas re- 
mained positive through the tenth day. These 
findings are in keeping with those previously 
reported by Cheever(1). The antibody titers 
of the 2 groups did not differ on the fifth day 
but at 10 and 30 days following inoculation 
somewhat higher levels of neutralizing anti- 
body were recorded for the control group. 

In the second phase of the experiment no 
virus was recovered from the organs examined 
except in the control-x-ray group where on 
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TABLE II. Secondary Immune Response of Tr- 
radiated and Control Mice following Inoculation 
with Coxsackie Virus. 


Days after inoculation 


Group 0 5 10 30 
Control 
Control 1:320* 1:2240 >1:4096 >1:4096 
X-ray 2 1:66 1:1480 1:380 
X-ray 
Control 1:66 1:3550 1:4096 >1:4096 
X-ray a 1:256 1:2190 1:2450 


* Dilution of serum protecting 50% of animals. 


fifth day following inoculation spleen and pan- 
creas yielded titers of 10-5 and 10-°-’, respec- 
tively. The data concerning antibody levels 
are summarized in Table II. The control- 
control and x-ray-control groups demon- 
strated a clear-cut anamnestic immune re- 
sponse in that a marked and rapid increase of 
neutralizing antibody was demonstrated. The 
other 2 groups, control-x-ray and x-ray-x-ray, 
did not show so definite a secondary response, 
for although there was an increase in antibody 
level it occurred more slowly and did not at- 
tain the level noted for the other 2 groups. 
The control-x-ray group showed the least 
marked secondary response. 

Discussion. ‘These results confirm those of 
Cheever(1) that x-radiation administered 
prior to inoculation with Coxsackie virus in- 
creases the yield of virus from selected tissues, 
notably the spleen and pancreas, and appar- 
ently lengthens the period during which the 
virus may be demonstrated in these organs. 
They are also in accord with those reported 
by other investigators(8,9) and are compat- 
ible with the hypothesis that the increased 
viral proliferation noted in x-radiated animals 
is due to an inhibition of the antibody re- 
sponse. 

The demonstration of viral proliferation as 
well as a lack of a true anamnestic response in 
those groups receiving radiation in the second 
phase of the experiment suggests a deleterious 
effect of x-ray on the secondary response. In 
this latter phase a retardation of the second- 
ary immune response occurred in the irradi- 
ated groups even though a marked primary 
response had occurred previously. This find- 
ing is in agreement with the observation of a 
retarded secondary hemolysin response to 
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sheep red blood cells in x-radiated rabbits re- 
ported by Taliaferro, et al.,(10). On the 
other hand, Dixon, e¢ al.,(2,3) using bovine 
gamma globulin as the antigenic stimulus, re- 
ported x-ray to be ineffective in altering the 
secondary response. Talmage(9) has dis- 
cussed this apparent discrepancy in the light 
of the nature of the antigen involved and has 
advanced the hypothesis that the character of 
the antigen may determine the type of anti- 
body response. 

The 2 groups not irradiated in the second 
phase of the experiment demonstrated a 
prompt, marked and approximately equal an- 
amnestic response. This suggests that the ef- 
fect of radiation on antibody formation was 
so transitory that the secondary response was 
uninfluenced when the same antigen was re- 
injected 30 days after radiation exposure. 
Similar results have been reported by Talia- 
ferro, ef al.,(10) in that rabbits responded nor- 
mally when inoculated with sheep rbc 28 days 
following x-ray exposure. 

This experiment suggests that inhibition of 
the immune response as a result of radiation 
exposure is the mechanism accounting for the 
increased proliferation of subsequently in- 
jected virus. Further work is necessary to de- 
termine whether this inhibition of antibody 
formation is due to a direct or an indirect ef- 
fect of radiation on the antibody forming 
mechanisms. 

Summary. 1. X-radiation administered 
prior to Coxsackie virus inoculation increased 
and prolonged the yield of virus from selected 
tissues, particularly the pancreas. 2. X-radia- 
tion administered prior to virus inoculation 
inhibited the specific immune response. 3. 
The deleterious effects of irradiation on anti- 
body formation were not long lasting, in that 
virus reinoculated 30 days after x-ray ex- 
posure evoked a prompt secondary response 
equal to that of control mice. 4. X-radiation 
exposure prior to a second inoculation of virus 
inhibited the secondary response in both the 
previously irradiated and control mice. | 5. 
These data are compatible with the hypothesis 
that increased viral proliferation in x-radiated 
animals is due to the inhibition of the anti- 
body response. 
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It is difficult to demonstrate progestational 
activity of 17a-hydroxyprogesterone as meas- 
ured by endometrial proliferation in the rab- 
bit whether administration is by the subcu- 
taneous or oral route(1). In contrast, 17a- 
acetoxyprogesterone (AP)* is 4 to 6 times as 
potent as progesterone by subcutaneous injec- 
tion and 2 to 5 times as potent as ethinyltes- 
tosterone orally in producing proliferative 
changes in the rabbit endometrium (unpub- 
lished). When assayed by the effect on en- 
dometrial carbonic anhydrase, AP was 7.3 
times progesterone, and on the glandular/to- 
tal muscosal area (G/M ratio) it was 3.3 
times as active as progesterone when admin- 
istered subcutaneously(2). This compound 
has also been shown to exhibit a significant 
amount of oral activity(2). In women, 17a- 
acetoxyprogesterone is more than twice as 
potent as ethinyltestosterone as a progestin 
(3). A new progestin, structurally related 
to AP, 6a-methyl-17a-acetoxyprogesterone 
(MAP)1(4) has been reported to be more ac- 
tive than AP in G/M ratio and endometrial 
carbonic anhydrase studies(2). This paper 
reports its activity by the McPhail assay (5) 
and in an ovulation inhibition test. 

Methods. McPhail rabbit endometrial pro- 


* Prodox, registered trade 
Kalamazoo, Mich. 

t Provera, registered trade mark, Upjohn Co., Kala- 
mazoo, Mich. 


mark, Upjohn Co., 


liferation test. Intact immature female rab- 
bits were injected subcutaneously once daily 
for 6 days with 5 yg of estradiol benzoate in 
0.2 cc of CMC (0.9% NaCl, 1% carboxy me- 
thylcellulose, 0.4% polysorbate 80, .042% 
propylparaben in water). Progestins were 
given in 0.2 cc of CMC per day subcutane- 
ously or 2 cc of cottonseed oil per day orally. 
All doses are expressed as total amount of 
compound administered over a 5-day period. 
To eliminate bias in analysis, slides of the 
uterine sections were coded and _ identified 
only after grading had been completed. Be- 
cause of the low oral potency of progesterone, 
the standard compound used was AP.  Po- 
tency ratios derived from these data are not 
precise because of the inescapable subjective 
nature of the measurements and difficulty in 
statistical analysis of a measurement of this 
type. Rabbit ovulation inhibition test. This 
test was a modification of the method de- 
scribed by Makepeace et al.(6). The test 
animal was the adult rabbit weighing 2-4 kg. 
Test compounds were administered subcu- 
taneously in 0.2 cc of CMC; 24 hours later 
each rabbit was caged with a male and al- 
lowed to copulate. Approximately 24 hours 
after copulation, laparotomy was performed 
and the ovaries examined for ovulation points. 

Results. Endometrial proliferation. Re- 
sults of these tests comparing the potency of 
MAP and AP on the McPhail assay are 


6a-METHYL-1 7a-ACETOXYPROGESTERONE 


TABLE I. Activities of 17-Acetoxyprogesterone 

and 6a-Methyl-17-acetoxyprogesterone following 

Subeutaneous and Oral Administration on the Me- 
Phail Assay. 


Total No. Mean 


Compound dose rabbits response Range 


Subecut. admin, 


17-Acetoxypro- 25 pg 3s, <.5 
gesterone 50 1.3 5-3 
100 9 2.6 2 -3 
150 2 2.5 + 
200 11 3.86 2.5-4 
6-Methyl-17-ace- 5 5 1.2 0 -4 
toxyproges- 10 3 2.3 1 -4 
terone 20 3 4 0 
Oral admin. 
17-Acetoxypro- 2mg 4 6 b=] 
gesterone 5 8 2 5-3 
10 9 3.3 2.5—4 
20 4 4 0 
6-Methyl-l7-ace- 50 ug 6 1.25 5-2 
toxyproges- 100 8 2.69 2 -3.5 
terone 200 4 3.6 3.5—4 


shown in Table I. MAP at 200 yg orally 
elicited a nearly maximal endometrial re- 
sponse; the dose of AP necessary to produce 
a similar response was between 10 and 20 mg 
or approximately 75 times the equipotent dose 
of MAP. Likewise, at 50 »g, MAP produced 
a response, duplication of which required a 
dose of approximately 3 mg of AP. Ratio of 
activity at the lower dose is therefore approxi- 
mately 1:60. We can estimate from these 
data that MAP has an oral potency 60 to 75 
times that of AP. By the same type of 
analysis, MAP is 6 to 8 times AP when ad- 
ministered subcutaneously. ; 

Ovulation inhibition. The ovulation-inhib- 
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iting activities of MAP, AP and progesterone 
are shown in Table II. Progesterone inhib- 
ited ovulation in 100% of the animals at 1 
mg per animal, confirming results of Pincus 
(7). Under similar conditions, MAP com- 
pletely inhibited ovulation at 50 yg, while AP 
allowed some of the animals to ovulate even 
at doses as high as 500 »g. In order to obtain 
direct comparisons of activities, a graph was 
prepared to show at which doses the com- 
pounds were equally effective. An expression, 
EDs, was chosen for this purpose, i.e., dose 
at which each compound was effective in pre- 
venting ovulation in 50% of the animals. 


AP had an ED; of 100 pg; MAP, 20-33 
ug; and progesterone, 750 pg. Arbitrarily as- 
signing a value of 1 to the EDs of proges- 
terone, we see that AP is 7 times and MAP 
is 20-30 times as potent as progesterone by 
this test. 


Discussion. The foregoing results show 
that the presence of a methyl group at C-6 of 
17a-acetoxyprogesterone increases its biologi- 
cal activity on the tests reported here and con- 
firm earlier reports on the high endometrium- 
stimulating activities of MAP(4). This in- 
crease in progestational activity associated 
with presence of a 6a-methyl group is similar 
to but more marked than the increase in glyco- 
genic and antiinflammatory activities of pred- 
nisolone and hydrocortisone when a 6a-methyl 
group is present(8). 

In addition to the quantitative differences, 
MAP has been found to be qualitatively dif- 


TABLE II. Comparison of Activities of Progesterone, 17-Acetoxyprogesterone and 6-Methyl- 
17-acetoxyprogesterone on Inhibition of Ovulation. 


No. rabbits 


No. % inhibition 


Compound Dose (mg) tested ovulating of ovulation ED5 (ug) 

CMC 5 5 0 

Progesterone 1 4 0 100 750 
5 4 4 0 
2 4 4 0 

17-Acetoxyprogesterone 5 10 2 80 100 
2 7 2 71 
ail 4 2 50 
.05 ft 3 25 
.025 5 5 0 

6-Methyl-17-acetoxyprogesterone  .2 iY 0 100 20-33 
ies en All 3 0 100 
.05 5 0 100 
.025 6 5 17 
0125 4 3 25 
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ferent from AP in its effect on maintaining 
pregnancy in ovariectomized rats and also 
by displaying other gonadal hormonal activi- 
ties(9). 

Oral activity was potentiated to a greater 
extent than parenteral activity when meas- 
ured by endometrial proliferation. This has 
also been reported to occur when carbonic an- 
hydrase or G/M ratio is used as an end point 
(2), but not to the same degree as when en- 
dometrial proliferation is used. This marked 
increase in oral potency is similar to that of 
AP over progesterone(2,10,11). This indi- 
cates that either intestinal absorption or me- 
tabolism of progesterone is markedly altered 
by addition of the 17a-acetoxy group and this 
increase of oral activity was further altered by 
addition of the 6a-methyl group. 

Summary. 1) 6a-methyl-17a-acetoxyproges- 
terone is a highly active progestin based on 
its ability to promote a secretory endometrium 
and to prevent ovulation in rabbits. 2) Sub- 
cutaneously, 6a-methyl-17a-acetoxyprogester- 
one is 6 to 8 times and orally 60 to 75 times 
as active as 17a-acetoxyprogesterone in the 
McPhail assay. The ability of the 6-methyl 


compound to inhibit ovulation in rabbits is at 
least 20 times as great as that of progesterone 
subcutaneously, while 17a-acetoxyprogester- 
one is 7 times as active as progesterone. 
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Pressure-Volume Changes in Human Forearm Veins after Atropine 


Administration.* 
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A. W. Horsteyt anp JoHN W. Eckstein} (Introduced by Raymond F. Sheets) 
Dept. of Internal Medicine, State University of Iowa College of Medicine, Iowa City 


Atropine has been used clinically and ex- 
perimentally to produce cardiac acceleration 
(1). Recent studies suggest that the drug 
may have additional major effects on the 
cardiovascular system(2,3). Berry and co- 
workers reported a fall in central venous pres- 
sure and stroke volume after atropine admin- 
istration(3). These observations were inter- 
preted to indicate pooling of blood in the 
veins. Such an interpretation implies reduc- 
tion in venous tone since venous pressure falls 


* Supported by research grant from Nat. Heart 
ibostin, II BISy 

t Research Fellow of Iowa Heart Assn. 

+ Established Investigator of Am. Heart Assn. 


after the drug is given. The experiments re- 
ported here were done to examine the tone of 
the forearm veins after atropine administra- 
tion. 


Methods. The subjects were 18 healthy 
male medical students. All studies were done 
with subjects supine. Venous pressure was 
measured in the antecubital vein of the de- 
pendent left arm with a Statham 0 to 5 cm 
Hg strain gauge. Venous tone was measured 
in the right forearm by the plethysmographic 
method previously described(4,5). | Obser- 
vations were made intermittently for at least 
30 minutes before and after injection of 2.0 
mg of atropine sulfate into an ankle vein. In 
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Control 


Forearm 
Venous 
Volume 
ml. /100 ml! 


Experiment No3 


r@) 5 10 15 20 2 30 
Transmural Venous Pressure 
mm. Hg 


FIG. 1. A is forearm venous volume during control 

period. B is volume after atropine administration. 

C is volume which would have existed after atro- 

pine if there had been only venous constriction and 
no change in venous pressure. 


5 subjects the experiment was repeated on a 
later day with the subject wearing a lower 
body anti-gravity suit inflated to 30 mm Hg. 
Forearm venous pressure-volume curves were 
constructed from the plethysmographic data 
(6). These curves (Fig. 1) express, in ml/ 
100 ml of tissue, the forearm venous volume 
which exists at any level of transmural venous 
pressure between 0 and 30 mm Hg. The last 
point on the curve, the volume at a transmural 
pressure of 30 mm Hg, is designated arbitrar- 
ily as the venous distensibility. A high value 
is associated with reduced venous tone or 
dilatation, a low value with increased venous 
tone or constriction. Since venous pressure- 
volume characteristics are the same in both 
arms, the naturally occurring forearm venous 
volume may be determined by drawing a per- 
pendicular line from the point on the pressure 
axis which corresponds to measured venous 
pressure, or transmural pressure, in the op- 
posite arm. The volume coordinate of point 
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of intersection of this line with the curve is 
the naturally occurring venous volume. The 
volume which would have existed after atro- 
pine administration if there had been only 
venous constriction and no change in venous 
pressure was estimated by applying the con- 
trol venous pressure to the curve obtained fol- 
lowing drug administration (Fig. 1). Control 
values are averages of at least 2 observations. 
Recorded values after atropine administra- 
tion are single observations made at the time 
of maximal venous constriction. Statistical 
analysis of the data was done by the methods 
of Fisher(7). 


Results. Venous pressure usually began to 
fall promptly after injection of atropine. 
Venous constriction appeared within 10 to 15 
minutes and was maximal at 20 minutes. 

Forearm venous pressure fell in 16 and re- 
mained unchanged in 2 experiments (Table 
I). The pressure averaged 14.6 + 1.75 mm 
Hg during control periods and fell to an ay- 
erage of 12.4 + 2.26 with atropine (p< 
0.001). Venous constriction occurred in 17 
of the 18 tests, although in 2 the change was 
slight. The venous volume at a transmural 
pressure of 30 mm Hg, 7.e., venous distensi- 
bility, averaged 4.0 + 0.72 ml/100 ml of 
forearm tissue during control periods and fell 
to an average of 3.4 + 0.57 after drug ad- 
ministration (p<0.001). The naturally oc- 
curring forearm venous volume fell in each ex- 
periment. Volume decreased from an aver- 
age of 2.6 + 0.57 ml/100 ml during control 
periods to 2.0 + 0.59 after atropine (p< 
0.001). The venous volume which would have 
existed if there had been only venous constric- 
tion and no change in venous pressure aver- 
aged 2.3 + 0.60 ml/100 ml. 

The decrease in volume was caused by ac- 
tive venous constriction combined with fall 
in venous pressure. In 11 experiments venous 
constriction was primarily responsible for the 
decrease in venous volume and in 5 the de- 
crease was caused primarily by fall in trans- 
mural pressure. In the other 2 both factors 
contributed equally to volume change. Al- 
though the fall in venous pressure was appar- 
ent soon after injection of the drug, the maxi- 
mal change in venous distensibility appeared 
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TABLE I. Forearm Venous Responses to Atropine Administration. 
OOOOoeeS—S=— oss —\w<—_— a ee ——_ocaar—— ' | 
Venous pressure, Venous distensibility, Venous vol, Venous vol,” 4 
mm Hg m1/100 ml m1/100 mJ m1/100 ml 
Exp. No. Before After Before After Before After After 
] 15.0 15.0 3.9 2.9 2.8 2.2 2.2 
2 17.3 16.0 3.4 2.7 2.7 1.4 1.6 
3 16.3 14.3 5.3 4.6 4.1 3.5 3.7 
4 13.8 11.0 3.4 3.0 2.0 1.4 Sif 
5 15.0 Maley 4.9 4.1 3.0 2.6 2.9 
6 14.7 13.0 sell 3.0 2.3 life 239 
7 12.5 10.0 4.0 3.5 2.4 Io 2.2 
8 15.6 15.6 5.3 4.1 3.4 2.7 2.7 
9 Wl 14.2 4.5 3.9 3.2 2.0 2.4 
10 alaal 14.6 3.9 3.3 2.9 2.4 2.7 
11 15.1 EG 4.4 3.6 3.1 2.2 2.8 
12 13.7 10.0 3.8 3.2 2.3 1.4 1.8 
1S 15.8 14.3 3.6 3.2 2.6 2.4 2.6 
14 14.5 12.3 3.4 3.4 2.3 2.0 2.3 
15 ibs) 9.0 3.0 2.8 By 1.2 1.4 
16 Ti 10.5 4.5 4.0 2.3 1.6 1.9 
a 13.2 9.3 4.0 3.6 2:3 1.8 2.3 
18 13.7 11.3 ull 2.5 2.2 1.3 1.4 / 
Mean 14.6 12.4 4.0 3.4 2.6 2.0 2.3 
Stand. dey. 1.75 2.26 12 OT SY | iat) 6 
Mean diff. —2.22 —.56 —.66 
Stand. error 26 .07 .07 
Probability <.001 <.001 <.001 


* Forearm venous volume after atropine if there had been only venous constriction and no 


change in venous pressure. 


about 20 minutes later. This delayed venous 
constriction could result from pooling in some 
other vascular bed. If pooling occurred in the 
lower limbs or splanchnic bed, inflation of a 
lower body anti-gravity suit might be ex- 
pected to prevent the forearm venous con- 
striction and the fall in venous pressure. The 
venous responses, however, were not altered 
significantly in the 5 subjects in whom the ex- 
periment was repeated with the inflated anti- 
gravity suit (Table IT). 


Summary. 1) Observations on forearm 


TABLE IT. Effect of Antigravity Suit on 


0 

venous distensibility, volume and _ pressure 
were made in normal subjects before and after 
intravenous administration of atropine sul- 
fate. Venous pressure fell in 16, venous con- 
striction occurred in 17 and venous volume 
fell in each of 18 experiments. These re- | 
sponses were not altered significantly in the 5 | 
instances where experiments were repeated 
2) Atropine did not cause venous dilatation or 


venous pooling. Venous constriction occurred 


Venous Responses to Atropine Administration. 


change, ml1/100 ml 


Venous volume 
change, m1/100 ml 


Without With 


enous distensibility 


Without With 


Venous pressure V 
change, mm Hg 
Exp. No.* Without-+t With} 
ic Te et 2.2 a 27 
15 —2.5 3.4 
16 -1.2 —2.0 
17 =3.9 -3.4 
18 —2.4 — § 
Mean 2.4 2.5 
Stand. dey. 29 1.10 
Mean diff. —.02 
Stand. error 47 
Probability > 


0 —.2 —3 —5 
-.2 0 = 5 —5 
—5 —.6 —.7 —.6 
: —5 —.5 —7 
—.6 —.6 —9 —9 


“ Experiments 14 through 18 repeated with anti-gravity suit inflated. 


+ Without anti-gravity suit. 


with a lower body anti-gravity suit inflated. 
| 
| 
{ With anti-gravity suit inflated to 30 mm Hg. 


= 
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almost uniformly and in each instance blood 
shifted from the forearm. 
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I. A Microbiological Study.*t 


(24791) 


HERMAN Baker, O. FRANK, I. PASHER, S. H. HuTNER, V. HERBERT,! 
AND HARRY SOBOTKA 
Depts. of Chemistry and of Hematology, Mount Sinai Hospital and Haskins Labs., N. Y. City 


Smith(1) suggested that the labile amide 
groups of the B;» molecule function in enzyme 
reactions involving B,.. There are 3 of these, 
probably those on the propionamide chains. 
The amide linkages can be hydrolyzed with 
dilute acid or alkali. The acids can then be 
converted to variously substituted amides by 
reaction with methylamine, ethylamine, or 
aniline(1,2). Many substituted amides have 
been reported to have anti-Vit. By activity 
(3). Since Vit. B;. is essential for growth of 
many organisms and man, it could be sup- 
posed that a specific antagonist of Vit. By» 
might stop cell growth. This report compares 
the microbiological activity of these 3 mono- 
substituted amides for 4 different B,2-requir- 
ing organisms. 

Methods. The Byo-requiring organisms 
used are: Lactobacillus leichmannii ATCC 
No. 4797, Escherichia coli 113-3, Euglena 
gracilis, Z strain, and Ochromonas malhamen- 
sis. Technics for using these organisms for 
B,» assay have been reported(4,5,6). The 
methylamide, ethylamide, and anilide de- 


* Supported by U.S.P.H.S. Grants, Am. Cancer 
Soc., and Nat. Vit. Fn. 

t The authors thank Dr. E. Lester Smith of Glaxo 
Labs., England for methylamide, ethylamide and 
anilide of vit. By». 

¢t Senior Research Fellow, N. Y. Heart Assn. and 
Heart Fund. 


rivatives of the monocarboxylic acid of Vit. 
Bj», obtained in dry form, were dissolved in 
distilled water and diluted appropriately. 
Results. The effect of mono-substituted 
amides on growth of the 4 organisms is given 
in Table I. As Byo-substitutes, the amides 
are practically inactive for E. coli and O. mal- 
hamensis. Their slight activity may be re- 
lated to some By. contamination of the 
amides. The amides support half-maximal 
growth for L. leichmanni in low concentra- 
tions, and almost full growth in higher con- 
centrations. The ethylamide and methyla- 
mide do not support full growth of E. gracilis, 
but they are more than 3 times as effective as 
the anilide as By,2-substitutes. Additions of 
amides to various concentrations of Bye 
showed that they neither inhibited nor en- 
hanced By» utilization, since growth was un- 
changed from that without amide addition. 
When £. coli is grown in the presence of 
the amide and suboptimal levels of methio- 
nine, the 2 are utilized synergistically; methi- 
onine and B,» combinations are additive 
(Table II). When combined with methionine, 
methylamide, ethylamide and anilide are re- 
spectively 30, 100, and 300 times less effec- 
tive than By,» for growth of /. coli. In con- 
centrations greater than 30 pg/ml of methio- 
nine, growth stimulation by added amide was 
not noticeable because adequate concentra- 
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TABLE I. Effect of B,,-amides on Growth of By.-requiring Microorganisms.* ne 


5 


Concentration (mug/ml) 


Organism Compound 0 OO a s.01 ek 3 1 10 
er ae ieee ee Od ee OSE Cn cnet rt ek ee 
E. coli 113-3 Bie 0 0 0 4 .78 1.0 a3 
Methylamide 0 0 0 08. (. 412) Nouh lon eens 
Ethylamide 0 0 0 0 0 0 0 
Anilide 0 0 0 0 0 0 0 

L. leichmannit Bie All sil 32 46 54 54 
Methylamide f 14 oO 36 4 
Ethylamide “ oH By) A 54 54 
Anilide “4 16 16 24 36 A4 

E. gracilis 133% ail 22 .78 3.8 5.2 7.2 
Methylamide 12 2 48 1.8 2.0 3.0 
Ethylamide ai alll 4 ad 2.9 3.8 
Anilide 2 e 12 A4 .78 2.7 

O. malhamensis 15 16 24 45) 1.6 3.0 5.4 
Methylamide all 2 2 a3) 2 oO 
Ethylamide 2 oh ce 24 “a 26 
Anilide 18 te 22 a 32 .28 


* Growth given in optical density units, as measured with a Welch Densichron equipped with 


a red-sensitive probe. 


tions of methionine completely replaces By. 
for growth(6). : 
Discussion. It has been reported that both 
methylamide and anilide of Bj. antagonize 
growth-promoting effects of By. for E. coli 
113-3(7). In the present study, neither 
ethylamide, methylamide, nor anilide inhib- 
ited utilization of Bys by any of the 4 organ- 
isms; these compounds cannot be regarded as 
B,2-antagonists on the basis of these results. 


TABLE II. Growth of FZ. coli in Amide-Methio- 
nine Combinations.* 


DL-methionine (ug/ml) 


Compound (myg/ml) 0 1 3, 10 30 
Control 0 0 we 22 68.06 
Bis ml 4 48 6 98 14 
ao .78 .78 Oaean Gun doe 
1 U0) 1.0 1.0 1.4 NG 
3 ies 13 Hepe} 1.46 1.68 
10 eee ile ils is SIGHS 
Methylamide  .1 0 UG Ieeeee = ee OP ale() 
“(33 0 24 .36 af 1.0 
1 .08 AI) 45) See Sala: 
3 12 .68 64 9 1.2 
10 .28 78 9 96 12 
Ethylamide all i) 14 24 54 (96 
of) 0) 18 24 .O4 96 
1 0 24 4 64 1.0 
3 () .26 45) afin MAING) 
10 () 38 66 82 1.16 
Anilide MM 0 1 22 6 98 
3 0 al : 62 96 
| 0 al "7 AALS, 
iS 0 24 28 66 1.16 


* Growth given in optical density units, as meas- 
ured with a Welch Densichron equipped with a red- 
sensitive probe. 


The alteration of a single amide group on one 
of the 3 propionamide chains did, however, 
make the B,. molecule practically inert for 
E. coli and O. malhamensis: The results with 
O. malhamensis are consistent with its speci- 
ficity for true By. (cyanocobalamin) or other 
cobalamins active for higher animals(8). As 
previously noted, this specificity suggests that 
O. malhamensis is an especially useful organ- 
ism for testing B,s.-antagonism(9). 

The reason sub-optimal levels of methio- 
nine act synergistically with methylamide and 
ethylamide to enhance E£. coli growth (Table 
IIT) is obscure. Perhaps the amides cannot 
perform some of the metabolic functions of 
By» in the absence of a source of labile me- 
thyl groups. 

Summary. The methylamide, ethylamide, 
and anilide of the monocarboxylic acid of Vit. 
By. were inactive as Bj»-antagonists despite 
their previous designation as “anti-Vit. By.” 
substances. They satisfied the By. require- 
ment of E. gracilis and L. leichmannii, but not 
that of E. coli and O. malhamensis. Combi- 
nations of sub-optimal levels of methionine 
plus methylamide, or ethylamide, gave greater 
growth of £. coli than this level of methionine 
alone. Addition of amide to Vit. By. neither 
inhibited nor enhanced growth over that with 
Bye alone. 
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Agglutination of Erythrocytes in vivo in Mice after Injection of Ascaris 


Extracts, Related to Immunization with Human Erythrocytes. 


(24792) 


ENRIQUE KoppiIscH AND JOSE OLIVER-GONZALEZ 
Depts of Pathology and Microbiology, School of Medicine, School of Tropical Medicine, 
University of Puerto Rico, San Juan 


In previous studies(1,2), it was found that 
extracts from the isolated tissues of Ascaris 
lumbricoides, such as cuticle, muscle, intes- 
tine, eggs, sperm, and coelomic fluid, possess 
certain immunologic properties briefly sum- 
marized as follows: 1. When such extracts are 
added in specific amounts to human serums of 
Groups O and B, ag isoagglutinin titer is re- 
duced to negative. 2. When injected intrave- 
nously into dogs and guinea pigs that contain 
az isoagglutinins in their plasma, when tested 
against human erythrocytes of subgroup Ag, 
in vivo agglutination of erythrocytes occurs, 
leading to formation of large clumps of eryth- 
rocytes, seen chiefly in the liver. When dogs 
are utilized, there occur severe reactions sug- 
gestive of anaphylaxis and followed by death. 
3. When injected intravenously into normal 
mice with no az titers in their plasma, agglu- 
tination of erythrocytes was not observed in 
liver and kidney, but agglutination takes place 
when animals develop az titers by a previous 
artificial immunization with human erythro- 
cytes of subgroup Avs. It has been postulated 
that upon injection of ascaris tissue extract, 
the substance with A. isoagglutinogen-like 
property, adheres to the erythrocytes. Agglu- 
tination is then accomplished by union of az 
antibody in animal’s plasma with erythrocytes 
which had the A>-like antigen induced by the 
substance present in the extract. Further 
studies were therefore necessary to determine 


the specificity of the reaction; that is, whether 
by using the erythrocyte-tissue extract combi- 
nation agglutination of erythrocytes would be 
also observed in mice immunized against hu- 
man erythrocytes of subgroup A;, and Groups 
B and O, as seen in those immunized against 
erythrocytes of subgroup A». In addition, 
the pathological reactions in the liver and 
other organs of all animals needed more de- 
tailed consideration. Mice of A strain, of 
both sexes, and weighing 20 to 30 g, were in- 
jected intraperitoneally with 1% suspension 
of human erythrocytes of Groups B and O, 
and subgroups A, and As, in physiological 
saline. Each animal received injections of 
1 cc of the particular cell suspension for 3 
consecutive days, followed by another series 
of 3 injections administered after interval of 
4 days. Ten to 15 days after last injection, 
the mice were injected into tail vein, with 1 
mg of ascaris tissue extract suspended in 0.5 
cc of saline. The extract prepared from the 
cuticle was the only one utilized in this study, 
since previous experiments showed that ex- 
tracts from other ascaris tissues elicited the 
same reactions(2). Mice were killed 24 hours 
following injection. Normal mice, as well as 
mice injected with A» cells alone, and with 
cuticular extract alone, were utilized as con- 
trols. Organs of all animals were fixed in 
Zenker-formol and stained with hematoxylin 
and eosin after paraffin embedding. 
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FIG. 1. Normal kidney. 100. 
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FIG. 2. Intense congestion in experimental kidney. 100. 


FIG. 3. Normal kidney. 430. 


FIG. 4, Intense congestion and agglutination of erythrocytes in experimental kidney. 430. 


Results. Mice immunized against human 
erythrocytes of subgroup A», and then in- 
jected intravenously with the extract from as- 
caris cuticle, were the only animals that 
showed marked changes in liver and kidneys. 
The liver presented intense congestion of the 
sinusoids and marked agglutination of erythro- 
cytes. In kidneys, capillary congestion in the 
medulla was very intense and diffuse, with 
compression of adjacent tubules (Figs. 1 to 4) 
also with agglutination of erythrocytes. 


Livers and kidneys of mice immunized 


against human erythrocytes of Groups B and 
O, and subgroup A; and then injected with 
the cuticular extract, did not show congestion 
of liver or kidneys. Similarly normal mice in- 
jected with A» erythrocytes, and with cuticu- 
lar extract alone, did not show those changes. 


Discussion. From above studies, it is ap- 
parent that agglutination of erythrocytes in 
liver and kidneys takes place chiefly when 
animals possessing ag agglutinins in blood are 
injected with ascaris tissue extract. It did 
not occur in animals with a;, and £ and anti- 
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O isoagglutinins produced by immunization 


_with respective homologous agglutinogens. 
_ This indicates that the antigen-antibody reac- 


tion may be a specific reaction between the 
a2 antibody in animal’s plasma and an A» 
isoagglutinogen-like antigen present in tissue 
extract. 

The A, isoagglutinogen-like factor is also 
present in metabolic products of animal para- 
sites and bacteria(1). The reaction between 
az isoantibody and the A», isoagglutinogen- 
like factor in infectious agents may also occur 
in vivo in humans of Groups O and B. This 
could well be related to the cause of certain 
diseases in which agglutination and hemolysis 
of red blood cells occurs regularly. Although 
the findings in mice indicate that agglutina- 
tion occurs only in those that have a, anti- 
body, in humans this reaction may not be so 
group-specific, or perhaps it may involve an- 
other agglutinin-agglutinogen complex similar 
to the well known az - A» one. 

The relative ease which congestion of liver 
and kidney, with large masses of agglutinated 
erythrocytes, is elicited, as shown above in 
mice, suggests that this experimental animal 
may be of use in studies in connection with in- 
fection and autoagglutinins in relation to ac- 
quired hemolytic anemias. 

Summary. Mice of an A strain were in- 
jected intraperitoneally with suspensions of 
human erythrocytes of Groups B and O, and 
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of subgroups A; and As. Ten to 15 days after 
last injection of erythrocytes the animals and 
normal controls were injected intravenously 
with 1 mg of an extract prepared from cuticle 
of Ascaris lumbricoides. The purpose of im- 
munization with erythrocytes was to deter- 
mine whether the a;, a2, 8, and anti-O agglu- 
tinins, developing as a result of artificial im- 
munization, would react in vivo with cuticu- 
lar extract. Histopathological examination of 
livers and kidneys disclosed: 1. Agglutination 
of erythrocytes with formation of large clumps 
in liver and kidneys was seen only in animals 
immunized against A» erythrocytes followed 
by the cuticular extract. This did not occur 
in mice inoculated with erythrocytes of 
Groups B and O and subgroup Aj, also in- 
jected with the cuticular extract. No such 
changes were seen in liver and kidneys of nor- 
mal mice inoculated with A» erythrocytes or 
cuticular extract alone. Agglutination takes 
place, therefore, between a2 agglutinins in 
plasma and the Ag isoagglutinogen-like factor 
in the extract. These findings indicate a defi- 
nite relationship between blood groups and 
pathological changes produced by infectious 
organisms. 


1. Oliver-Gonzalez, J., Ann. Rev. Microbiol., 1954, 
v3, 353. 

2. Oliver-Gonzalez, J., Koppisch, E., Rice Inst. 
Pamphlet, Houston, Texas, 1958, v16, 141. 
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Effect of Ribonuclease on Survival of Ascites Tumor Bearing Mice.* (24793) 


Tra R. TELForD, JAMES F. Kemp, EUGENE F. TAyLorR AND Max W. YEAMAN 
Dept. of Anatomy, School of Medicine, George Washington University, Washington, D.C. 


Klein(1) has demonstrated that ascites tu- 
mors treated with trypaflavine show definite 
retardation of growth coincident with drop in 
nucleic acid concentration. Ledoux confirmed 
nucleolytic action of riobnuclease when em- 
ployed against both ascites(2) and solid tu- 
mors(3). Brachet(4,5,6) reported that RNase 
produces a strong inhibition of growth in plant 

* This investigation was supported in part by grants 
of Am. Cancer Soc. = 


cells and a significant reduction in incorpora- 
tion of labeled amino acids into proteins of 
growing onion root tips. He suggested that 
RNase, upon entering living onion root cell, in- 
hibits protein synthesis. Roth(7) concurred 
in this concept and observed that since RNA 
synthesis and degradation are probably 
closely related to protein synthesis, the RNase 
system may possibly become an important 
controlling factor in growth and cell division. 
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TABLE I. Effect of 8 Daily Subcutaneous Injections of RNase on Longevity of Mice Carrying 


Ascites Sarcoma 37. . 
EE ee ——————__——_ 


Total amt Range of sur- Mean sur- 

Group RNase, mg No. mice vival, days vival, days S.D. P % 
Exp. 120 17 6-15 8.9 2.44 >5 
Gone 16 5-10 8.8 1.29 

Exp. 80 23 8-21 13.4 4.01 a 
Gants 27 8-20 - 13.1 3.95 

Exp. 40 30 6-14 10.2 2.83 ‘- 
Gane 34 8-16 ial 1.00. 

Exp. 20 28 7-19 11.6 2.71 e 
Gent, 34 8-16 11.6 1.87 

Exp. 10 29 8-16 11.1 2.13 se 
Cont: 32 7-15 11.4 2.01 

Exp. 5 19 8-15 11.8 2.10 2 
Cont. 30 8-16 11.5 1.90 


Encouraged by the report of Ledoux(2) that 
IP injections of RNase will significantly in- 
crease longevity of mice carrying Ehrlich 
mouse ascites sarcoma, Krebs mouse ascites 
sarcoma and of rats with Walker rat ascites 
sarcoma, we investigated the effect of subcu- 
taneous and intraperitoneal injections of 
RNase on longevity of mice carrying ascites 
sarcoma 37. 

Materials and methods. Young Webster 
male mice were injected intraperitoneally with 
approximately 2 x 10° cells of ascites sarcoma 
37+. The animals were divided at random 
into experimental and control groups. The 
controls in all groups received equivalent 
amounts of normal saline solution. Experi- 
mental groups were divided into 2 categories, 
those receiving subcutaneous injections and 
those receiving intraperitoneal injections of 
the enzyme. In the subcutaneously injected 
animals (Table I), 6 groups received 8 daily 
injections of RNase totaling from 5 mg to 120 
mg per animal. Since Ledoux(2) had re- 
ported the longest survival time in animals re- 
ceiving 4 mg of RNase, we elected this level 
of enzyme to test the value of intraperitoneal 
injections, using graded doses ranging from 
1 mg to 4 mg per day (Table II). 

Results. Under the conditions of our ex- 
periment we did not demonstrate significant 
increase in mean survival time of any group 


t Generously supplied by Dr. Morris Belkin, Nat. 
Cancer Inst., Bethesda, Md. 


receiving subcutaneous injections of ribonu- 


clease (Table I). Using intraperitoneal injec-- 


tions of a constant amount of RNase (4 mg) 
at various time intervals, we failed again to 
detect any significant increase in the expected 
longevity of any of the experimental groups 
(Table II). 

Discussion. Comparison of our data with 
Ledoux(2) indicates several possible reasons 
for our failure to substantiate his observa- 
tions. We used sarcoma 37 ascites cells, 
while he used Ehrlich, Krebs, or Walker as- 
cites cells. Whether sarcoma 37 more closely 
resembles the slow acting Landschiitz tumor 
or the more rapidly growing Ehrlich tumor 
cells(8) we do not know, but there is a possi- 
bility that a gradient of activity does exist 
between various cell types. Furthermore, our 
source of enzyme was Worthington Biochemi- 
cal Corp. Ledoux used his own preparations 
or Armour Co. product. Finally, his greatest 
increase in longevity of animals occurred in 
groups receiving freshly prepared purified 
RNase plus a nucleotide. This nucleotide was 
prepared “ ... from a dialysate of RNA di- 
gested by RNase in vitro.”+ We did not sup- 
plement RNase injections with a nucleotide. 
Certainly, under conditions of our experiment, 
RNase does not appear to be a promising car- 
cinostatic agent. However, using a different 


source of enzyme and other strains of neoplas-— 
tic cells, an antimitotic action of the enzyme 


| 


might be demonstrated, if imbalance in me- | 


¢ Personal communication with L. Ledoux. 
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TABLE II. Effect of Total of 4 mg RNase IP Injections on Longevity of Mice Bearing Ascites 


Se 


Days of inj. 
following Range of sur- Mean sur- 
Group —_— inoculation No. mice vival, days vival, days S.D. P% 
Exp. 2 20 7-16 10.2 2.21 >5 
Cont. 2 20 3-17 9.8 2.78 
Exp. 2,3 20 3-18 9.9 3.10 af 
Cont. 2,3 18 7-18 10.4 3.01 
Exp. 3,4,5 25 8-19 11.5 2.75 2 
Cont. 34,5 25 9-15 11.0 2.59 
Exp. 4,5,6,7 25 8-20 11.6 3.70 us 
Cont. 4,5,6,7 25 6-14 11.2 3.15 
Exp. 5,6,7 16 6-16 9.6 2.42 a 
Cont. 5,6,7 19 5-15 9.6 2.45 
Exp. 6,7 16 7711 9.0 1.36 ” 
Cont. 6,7 19 6-13 9.0 2.04 
Exp. 7 19 6-13 9.5 1.66 2 
Cont. 7 17 7-16 10.2 2.23 
tabolism of nucleic acids were precipitated by 1. Klein, G., Cancer, 1950, v3, 1052. 
action of RNase. 2. Ledoux, L., Nature, 1955, v175, 258. 
Summary. 1) Subcutaneous injections of : Bok ee re ; 
ribonuclease in 5, 10, 20, 40, 80 and 120 mg _—*" Brachet J. #id., 1954, v174, 876. 
p dais 5). , Biochim. et Biophys. Acta, 1955, v16, 
over an 8-day period do not significantly pro-  ,,, 
long life of mice carrying ascites sarcoma 37. 6. , ibid., 1956, v19, 583. 
2) Intraperitoneal injections of 4 mg RNase 7. Roth, J. S., ibid., 1956, v21, 34. 


over various time periods failed significantly 
to alter the expected mean survival time of 
ascites bearing mice. 


8. Easty, D. M., Ledoux, L., Ambrose, E. J., zbid., 
1956, v20, 528. 
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Diet Induced Variations in Tolerance to Altitude Hypoxia in the Mouse.* 


(24794) 


Epwarp J. HErsHGoLD AND MITCHELL B. RitEy (Introduced by Edwin P. Hiatt) 
Biophysics Branch, Aero Medical Lab., Wright Air Development Center, Wright-Patterson 
Air Force Base, Ohio 


It has been previously shown that changes 
in the diet modify human tolerance to altitude 
hypoxia. King et al.(1) have reviewed these 
studies and noted that a high carbohydrate 
diet results in better visual, psychomotor and 
psychological performance at altitude. High 
protein or high fat meals tended to produce 
reverse effects. Kosmolinskiy(2) indicates 
that in man a combination of water-soluble 


* The contents of this article reflect the personal 
views of the authors and are not to be construed 
as statement of official Air Force policy. 


vitamins also leads to increased resistance and 
a heightened sense of well-being. Both Cra- 
ven et al.(3) and Campbell(4) have shown 
that rats fed exclusively on carrots had pro- 
longed survival times in the altitude chamber. 
Interest in the physiological deficit produced 
by lipemia has prompted studies on relation- 
ship of fat intake to defects in oxygenation. 
Mosinger and Kuhn(5) studied effects of oxy- 
gen lack in mice fed large amounts of fat. 
They gave olive oil and isocaloric amounts of 
starch to their animals and demonstrated sig- 
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nificantly decreased survival times in oil-fed 
animals compared to controls and those fed 
starch. These results were interpreted to dem- 
onstrate that relative hypoxia plays a role in 
the circulatory abnormalities produced by 
lipemia. The present studies were conducted 
in an attempt to confirm and extend observa- 
tions on effects of diet on resistance to hy- 
poxia. 


Methods and materials. Male mice of the 


Hamilton Laboratory strain, weighing be-_ 


tween 18 and 28 g, were used. Before deliv- 
ery to this laboratory they were fed the Rock- 
land mouse diet, and at this laboratory were 
given Purina Laboratory Chowt at least 5 
days prior to use. For purposes of the ex- 
periment, fasting mice had been given only 
water ad libitum for about 18-20 hours prior 
to intubation with the experimental feed. The 
latter was given intragastrically through a 
soft polethylene catheter after the animal had 
been transiently anesthetized with ether. It 
was usual for the animal to be awake and ac- 
tive directly after feeding. Non-fasting mice 
were allowed to eat ad lib. before and after 
intubation. One of the following materials 
was given to an experimental group, in 
amounts noted/10 g of body weight: water, 
olive oil, corn oil or coconut oil, 0.2 ‘ml; a sus- 
pension of 10.5 g of starch and 10.5 g of su- 
crose in 12.5 ml of water, 0.2 ml, 0.4 ml, or 
0.6 ml; a solution containing 10.5 g sucrose in 
12.5 ml of water, 0.4 ml; an emulsion contain- 
ing equal parts of olive oil and the sucrose so- 
lution, 0.4 ml; a suspension of 2.5 g of Casec 
in 10 ml of water, 0.4 ml. Four hours later the 
animals were placed in the altitude chamber, 
except for certain groups which were made hy- 
poxic at different times; these are noted in 
Table I. The altitude chamber consisted of a 
desiccating jar the interior of which was di- 
vided into 4 compartments, each holding one 
animal. The chamber was evacuated within 
65 seconds with Cenco-Hyvac pump to a pres- 
sure of 196.3 mm Hg (33,000 feet, true alti- 
tude). This measurement was made with a 


t Analysis: Crude protein, not less than 23.0%; 
crude fat, not less than 5.%; crude fiber, no more 
than 6%; nitrogen free extract, not less than 44% ; 
ash, not more than 9%, 
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Diet AND TOLERANCE TO HyPoxIA 


TABLE I. Effect of Various Nutrients on’ Toler- 
ance to Altitude Hypoxia in the Mouse. 


Time 
between Mean sur- 
No. of feeding and vival time, 


Material mice exposure,hr sec. +8.D, 
Corn oil 14 4 47+ 14 
Coconut oil 15 4 65+ 20 
Olive es 14 4 59 + 28 

2 a 24 if 61+ 26 
Water 21 4 50+ 13 
Normal diet* 17 4 101+ 44 
Normal diet—olive 16 4 109+ 53 

oil* 
Normal diet—Casee* 12 4 122 +- 50 
Normal diet-starch- 16 4 225+ 82 
sucrose* (.4 ml) 
Starch-sucrose 
.2 ml 12 4 284 + 194 
A” 14 4 284 +172 
AGt ey 10 4 275 + 121 © 
Sucrose 12 Vy 294 + 128 

” 11 2 270 + 103 

2 21 4 397 + 156 

se 14 6 442 + 221 

” — -olive oil 9 4 415 + 158 


* These animals were not fasting prior to experi- 
mental feeding. 


mercurial altitude test barometer (Haas Bros. 
Instrument Co.). At this time, a stop watch 
was started and the animals observed closely. 
The time when each animal took its last 
breath was noted. The elapsed seconds were 
then recorded as survival time at altitude. Es- 
timates of this time by 2 independent ob- 
servers agreed within 5 seconds. In another 
experiment, 2 groups of 8 fasting mice were 
fed olive oil and sucrose solution respectively. 
Another similar group remained fasting. Four 
hours later serum was prepared from each 
animal and the sera within each group pooled. 
The pooled sera were then analyzed for total 
esterified fatty acids by the method described 
by Stern and Shapiro(6). 


Results. Table I shows average survival 
time for each group. All values included in 
one section of the Table differ significantly 
(p>.01) from those in any other section. 
Differences noted in comparisons between car- 
bohydrate-fed animals and other. groups are 
highly significant (p>.001). The groups 
within each of the first 2 sections show values 
which are not significantly different from each 
other (p>0.1). In the third section, the su- 
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crose at 4 and 6 hours, and the sucrose and 
olive-oil mixture differ statistically from the 
normal diet—starch and sucrose combination 
(p<.01). 

Eight animals with survival times greater 
than 3 standard deviations from the mean of 
their group have been excluded from these 
analyses. Of these animals, 7 had been fed 
sugar and had survival times greater than 15 
minutes. 


For purposes of discussion, the animals fed 
water only, are called the fasting group. 
When sucrose, or a starch-sucrose mixture is 
fed, regardless of the previous nutritional 
status or the concomitant feeding of another 
nutrient, the animals lived about 5 or more 
times longer at altitude than the fasting, or 
the oil-fed and fasting subjects. They sur- 
vived more than twice as long as mice placed 
on any other combination of diets. There ap- 
peared to be no difference in survival of ani- 
mals fed lipids of varying saturations. Car- 
bohydrate uniformly provided protection 
when given at different times and in different 
amounts prior to exposure to altitude. The 
sucrose alone, in the largest doses, and when 
given at longer times prior to exposure, ap- 
peared to be associated with longer survivals. 

It is interesting that the fasting group and 
the groups made lipemic do not differ in tol- 
erance to hypoxia. The mice fed either pro- 
tein or the laboratory chow have a tolerance 
between the fasting and the carbohydrate-fed 
animals. 

Analyses for pooled sera of each group for 
total esterified fatty acids gave the following 
results: fasting group, 248 mg %; animals 
fed sucrose, 225 mg %; those fed olive oil, 
375 mg %. This indicates that fasting ani- 
mals were not lipemic prior to exposure to al- 
titude. 

Discussion. Survival time of mice made hy- 
poxic in the high altitude chamber is mark- 
edly increased by prior feeding of carbohy- 
drate. Neither the fasting animal nor the 
animal fed fats of widely varying satura- 
tions is so protected. In fact, they do 
less well than animals maintained on their 
normal diet. These data may be interpreted 
as indicating a mechanism whereby carbohy- 
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drates facilitate utilization of available oxy- 
gen. Lipids appear to lack this ability. 

That the effects noted do not depend on 
respiratory quotients associated with nutri- 
ents involved, is shown by the observation 
that mixtures of carbohydrate and fat, or of 
carbohydrate and the laboratory diet, in 
which the respiratory quotient is less than 
one, still give the same protection. 


Proposed mechanisms for the salutary effect 
of carbohydrates have been advanced. Green 
et al.(7) showed that the alveolar oxygen ten- 
sion of men previously fed carbohydrate and 
brought to altitude was signicantly greater 
than that of a group fed a control diet. King 
et al.(1) observed better psychomotor per- 
formance in their subjects and related this to 
increased glycogen reserves which they felt 
contributed to nourishment of the central ner- 
vous system. Van Middlesworth et al.(8) 
noted that rats fasted for 12 hours and then 
made hypoxic showed an initial hyperglyce- 
mia followed by severe hypoglycemia. The 
hypoglycemic phase did not occur in non-fast- 
ing rats, or in fasting rats habituated to hy- 
poxic conditions. Eckman et al.(9) found 
that men fed a high carbohydrate meal had 
higher arterial oxygen saturations at altitude 
than controls. In the dog, glucose content of 
cerebral tissue is lessened during hypoxia, as 
is arterial blood glucose(10). It is conceiv- 
able that under these conditions function of 
nervous tissue becomes more dependent on 
available glucose so that hyperglycemia 
might indeed aid survival. 


The possibility exists that lipids exert a 
detrimental effect on hypoxic tolerance rather 
than no effect at all. Since we have shown 
in these studies that fasting animals have sur- 
vival times as short as those fed lipids, it 
would appear less likely that this is the case. 
If, however, the fasting mice were lipemic or 
became lipemic at altitude, their shortened 
survival might be a result of this effect and 
would explain why they behave like the fat- 
fed animals. The fatty acid analysis indicates 
that they were not lipemic prior to altitude ex- 
posure. De Langen(11) states that at a sim- 
ulated altitude of about 19,000 feet rabbits 
develop significant increases in blood lipids. 
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This did not occur until 24 hours of exposure, 
however, while the fasting mice in our studies 
remained at altitude about one minute. 

Many changes associated with lipemia, re- 
viewed by Ahrens(12), could contribute to 
deficient oxygen transport and would lend 
support to the possibility that fats are in 
themselves detrimental to tolerance to hy- 
poxia. We must conclude from our data, 
however, that the apparently adverse effect of 
a high fat diet on survival of mice exposed to 
altitude is a result of carbohydrate deficiency 
rather than lipid excess. 

The difference between the results of Mo- 
singer and Kuhn and those presented here 
may be explained by inclusion in our series 
of a group of fasting animals and of groups 
fed sucrose. Although our data do indicate 
that a diet consisting of fat alone is associated 
with a significant decrease in survival time, 
they more clearly reveal the positive role 
played by carbohydrate. 

Summary. Mice fed large amounts of car- 
bohydrate prior to exposure to altitude hy- 
poxia survive at least 5 times longer than fast- 
ing animals and significantly longer than ani- 
mals fed their normal diet. When fed lipids of 
varying saturations while fasting, their toler- 
ance is the same as that in the fasting state 
alone. Large amounts of fat added to the 
regular diet failed to decrease survival. These 
results demonstrate a salutary effect of car- 
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bohydrates on tolerance to hypoxia. They 
show as well the inability of lipids to alone 
promote survival. Possible mechanisms for 
the protection provided by carbohydrate are 
discussed. 


The authors are indebted to Drs. Edwin P. Hiatt 
and Leo A. Sapirstein for helpful advice and to 
Dr. Leonard Stutman for fatty acid analyses. 
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Amylase in Pancreas, Intestine, Liver, and Serum During Fasting, 


Non-protein Diet and Realimentation.* 


(24795) 


Jin Soon Jut ann E. S. Nasset 
Dept. of Physiology, University of Rochester School of Medicine and Dentistry, Rochester, N. Y. 


Apparently any meal is mixed with so much 
endogenous protein that in the small gut the 
resulting amino acid mixture tends to remain 
constant(1,2,3). This endogenous protein 
arises primarily from secreted enzymes and 
glycoproteins, as well as sloughed mucosa, and 

* Aided by grant from Nat. Inst. Health. 


+ Grantee of China Medical Board. Present address, 
Soo-Duo Medical Coll., Seoul, Korea. 


most of it may be hydrolyzed and recovered 
by absorption. The mass of mucosal cells en- 
tering lumen of alimentary tract in man may 
be as much as 4 lb/day(4). The ali- 
mentary tract obviously contains a fairly 
large and mobile protein reserve. This 
was demonstrated by changes in total N 
content of some abdominal viscera during 
fasting, non-protein feeding and realimenta- 
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TABLE I, Amylase Activity* in Pancreas, Small Gut, Liver and Blood Serum. 


———————F asting —_—_—_—___, 
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Controls 1 day 2 days 4 days 8 days 

Sample (8) t (6) (6) (6) (5) 
Pancreas Wt, g 93 81 .68 63 54 

Amylase 627 + 98} 496 + 32 341 + 60 248 + 31 (Kare 5; 
Smallgut Wt,g 5.71 4.68 4,44 3.74 2.72 

Amylase 599 + 36 584 + 46 386 + 56 375 + 26 189 + 9.3 
Liver Wt, g 10.15 7.35 6.50 6.01 3.09 

Amylase 191 + 18 144+ 8.8 118 + 5.1 90 + 5.6 37 + 5.8 
Serum Amylase 301 + 20 229 + 12 213 + 13 164 + 10 84 + 23 


* Smith and Roe units in whole pancreas, small gut and liver, and in 100 ml of serum. 


t No. of animals in parentheses. 
¢ Multiply pancreas values by 100. 


tion. Stomach lost only 8% of its N, but 
small gut, pancreas and liver lost approxi- 
mately 50% of their N in 8 days of fasting. 
Feeding non-protein diet induced stomach and 
pancreas to lose more and the small gut to 
lose less N than in fasting(5). More specific 
information was sought than afforded by de- 
terminations of total N. Experiments de- 
scribed below were concerned with determina- 
tion of amylase in pancreas, small gut, liver 
and blood serum in fasting, feeding non-pro- 
tein diet, and realimentation. Amylase doubt- 
less represents a small fraction of total pro- 
tein turnover in these tissues but it is signifi- 
cant that changes in amylase activity gener- 
ally parallel changes in total N content previ- 
ously reported(5). 

Methods. Male albino rats (240-300 g) of 
Wistar strain were caged individually at 26- 
28°C and fed complete commercial ration for 
1 week before the experiment. Control ani- 
mals were taken directly from feed and sacri- 
ficed for determinations of amylase activity. 
Fasting animals always had access to water. 
The diet used in realimentation contained the 
following: egg albumin, 12.8%; sucrose, 
56.9%; cottonseed oil, 17.4%; salts (USP 


XIII), 4.5%; vitamin mixture, 2.6%; and 


cellulose flour, 5.8%. The nonprotein diet 
was made by substituting an equal quantity 
of sucrose for egg albumin. The energy allow- 
ance was 121 Cals/day/kg™, sufficient for 
maintenance of original body weight. Food 
was always available and was more than 95% 
consumed. Under light ether anesthesia, blood 
was obtained by cardiac puncture and allowed 
to clot at 1-4°C. The thoracic aorta and vena 


cava were divided to permit most of remain- 
ing blood to pool above the diaphragm. Pan- 
creas, small bowel and liver were quickly re- 
moved, taking care to exclude mesentery and 
adipose tissue. The gut was slit and its con- 
tents washed away gently in 2 changes of ice 
cold Ringer solution. Excess moisture was 
removed on paper towel. After weighing, en- 
tire organs were ground with chilled sand in 
chilled mortar for 3 minutes. Samples were 
diluted with chilled solution (phosphate buf- 
fer, pH 7.2, 1 part and 4 parts of Ringer solu- 
tion) as follows: pancreas 1:1000, (w/v); 
liver and intestine 1:10, (w/v); blood se- 
rum 1:10, (v/v). Samples were well mixed, 
centrifuged and the supernatant used for 
determination of amylase activity. A 3% so- 
lution of soluble starch was used for pancreas 
and intestine instead of 1.2% solution speci- 
fied in the original method for serum and 
urine(6). To avoid exceeding the range of 
the method preliminary estimates of amylase 
activity were made in each series. 

Results. The results obtained from con- 
trol and fasting animals are summarized in 
Table I. The ‘‘standard rat” was taken to be 
275 g, corresponding to a metabolic body size 
of 0.380 kg™. Weights of the 3 viscera and 
their corresponding total amylase activities 
were computed on this basis. In controls, the 
whole pancreas contained about 100 times as 
much amylase as the whole small gut and 300 
times as much as the liver. Total amylase ac- 
tivity was reduced to 13, 32, 14 and 28% of 
controls respectively in pancreas, small gut, 
liver and serum in 8 days of fasting. De- 
partures from control values induced by fast- 
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ing or ingesting non-protein diet, and effects of 
realimentation are shown in Fig. 1. All points 
on curves were derived from 6 rats and repre- 
sent mean percentile changes from controls 
taken as 100%. Variability among animals 
represented in Fig. 1 was about the same as 
that indicated in Table I. 

Discussion. In fasting, visceral and serum 
amylase activity declined steadily but in the 
small intestine it consistently declined the 
least. When non-protein diet was ingested, 
changes in amylase content were somewhat 
different from those seen in fasting. Feeding 
non-protein diet seemed to spare amylase ac- 
tivity early in small gut and later in serum 
(Fig. 1). Liver data on non-protein diet 
seem more erratic but the rise in amylase on 
second day is significant (p<0.05) and may 
represent a contribution from the gut which 
just began to decline on second day. On non- 
protein diet the pancreas was depleted of amy- 
lase activity much more rapidly than in fast- 
ing. At face value this is the opposite of a 
protein-sparing effect. 

Any meal stimulates the pancreas to secrete 
a portion of its enzyme content. If amino 
acids are unavailable for resynthesis of en- 
zyme proteins depletion becomes progressive. 
Absence of food stimulation probably ac- 
counts for the greater pancreatic amylase ac- 
tivity in fasting. The small gut is also a 


glandular viscus and secretes succus entericus 
in response to chyme delivered from stomach. 
The essential difference is that the intestinal 
mucosa is also the absorbing organ. As such 
it is ideally situated to provide for its own 
deficit of amino acids by removing them di- 
rectly from the lumen. At present it is im- 
possible to differentiate sharply between secre- 
tory and absorptive cells in the intestinal mu- 
cosa. Amino acids not retained by the gut are 
delivered to the portal vein and are available, 
next to the liver, and finally to the pancreas 
and other organs served by the systemic cir- 
culation. Previous work demonstrated that 
variations in total N, and hence probably in 
total protein, in these organs paralleled the 
changes in amylase activity reported here(5). 

The mechanism for maintenance of normal 
serum amylase activity for most of the time 
during ingestion of non-protein diet is not ap- 
parent. Amylase is assumed present in blood 
serum because it escapes from cells which pro- 
duce it either by diffusion or destruction of 
cell membranes. Equilibrium in serum be- 
tween inflow and outflow of amylase is repre- 
sented by normal control values. When non- 
protein diet was fed, the order and extent of 
the decline in amylase activity differed in 
viscera and serum, as noted above, but after 
the fourth day values for serum remained es- 
sentially unchanged. The large drop in amy- 
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lase in pancreas, gut and liver in the first 4 
days may represent loss of an insoluble stor- 
age form of the enzyme presumed present in 
secretion granules. Concentration of soluble 
enzyme, as represented by newly synthesized 
enzyme just prior to molecular aggregation 
and storage in granules, may remain essen- 
tially unaltered under these conditions. This 
might account for reestablishment of diffusion 
equilibrium with serum as suggested by the 
data. 


Realimentation with a complete diet after 
8 days of fasting evoked an immediate rise in 
amylase activity in gut and liver, followed the 
next day by a highly significant fall in both 
(p<0.01). Realimentation had no effect on 
pancreas for at least 2 days and very little in 
4 days. Under the stimulus of feeding, secre- 
tion of pancreatic amylase apparently kept 
pace with its synthesis for several days. After 
16 days on non-protein diet, realimentation 
with complete diet was accompanied by ap- 
preciable recovery of amylase activity in gut 
and liver. Serum failed to depart from normal 
and again pancreas made very little recovery 
in 4 days. The gut response seems more er- 
ratic than that of other viscera. This may 
be associated with the presence of much mus- 
cular and other non-glandular tissue in this 
organ which might compete successfully for 
available amino acids. 

Summary. Male rats were fasted for 8 days 
or fed non-protein diet for 16 days. Amylase 
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activity was determined at intervals in pan- 
creas, small gut, liver and serum. In each in- 
stance fasting caused sharp and parallel drops 
in amylase activity. Feeding non-protein diet 
2-4 days seemed to spare amylase in small 
gut and serum. Liver fluctuated in the first 4 
days and then remained at half normal activ- 
ity for 16 days. Pancreatic amylase activity 
was depleted more on non-protein diet than 
in fasting. Feeding induces increased secre- 
tion of pancreatic amylase which, with other 
endogenous proteins, is probably hydrolyzed 
in the intestinal lumen and its amino acids 
absorbed. The data suggest that intestinal 
mucosa by its absorptive function is able to 
remove amino acids for protein synthesis di- 
rectly from gut contents, and the liver has 
next choice through the portal system. Finally 
pancreas and other tissues are supplied by way 
of the peripheral circulation. 
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Amino acid lysine is essential for normal 
feather pigmentation of turkey poults(1). 
Pigment in feathers is melanin in nature. It 
is desired to know whether lysine is a pre- 
cursor for melanin synthesis in the intact 
poult by investigating incorporation of lysine- 
2-C'4 into melanin granules of poult feathers. 

Methods. Broad Breasted Bronze turkey 


poults of indeterminate sex, 3 to 4-day-old, 
were used and fed commercial poult starters. 
DL-Lysine-2-C"' monohydrochloride. Lysine 
with a specific activity of 0.3 mc/mM was 
obtained from Tracerlab Inc., Boston, Mass. 
A known weight of this sample was diluted 
with inactive DL-lysine hydrochloride and 
dissolved in water to give various solutions 
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with specific activities of 1.3 to 3.6 x 10° 
counts/min/ml. Four birds were injected 
with radioactive solutions and kept in metab- 
olism cages(2). 0.25 ml was used for each 
subcutaneous injection in the abdominal area 
and injections were repeated every 3 hours for 
poults I to III. The injections were given 
during the day. Poult I received 3.5 ml solu- 
tion and was sacrificed after 73 hours; poult 
II died while receiving 5th injection; and 
poult III died after 46 hours and had been 
given 2.5 ml of lysine solution. Two injec- 
tions of 1 ml each of lysine solution were given 
in the first 23 hours to poult IV and it was 
sacrificed 26 hours afterwards. Flight feath- 
ers were collected from the 4 poults. Count- 
ing procedures. The solution or suspension of 
samples to be counted was plated on poly- 
ethylene planchets (2 cm in diameter) and 
evaporated under heat lamps to obtain sam- 
ples weighing less than 10 mg spread evenly 
on each planchet. Samples were counted in 
a windowless, gas-flow counter and no correc- 
tion was made for self absorption. 


Melanin was removed from flight feathers 
of each poult separately by method essentially 
the same as used by Gortner(3). The feath- 
ers (about 3 g) of a poult were refluxed with 
30 ml of 1N NaOH for 8 hrs. This was re- 
peated once more, at which time most of the 
feathers were in solution. Combined NaOH 
solutions were filtered and acidified to pH 2 
with conc. HCl. A flocculent precipitate of 
melanin appeared and was centrifuged off. 
The separated melanins were resuspended in 
1N HCl and recentrifuged. Another washing 
was given with distilled water. Melanin was 
dissolved in 0.05N NaOH, filtered and re- 
precipitated with conc. HCl. This procedure 
was repeated until melanin with a constant 
radioactivity was obtained after 5th precipi- 
tation. The mother liquor from last precipi- 
tation was also plated and scanned for radio- 
activity. Melanin was dissolved in 50% 
NH,OH, plated and dried on_ planchets. 
Weights of the melanin on the planchets and 
their radioactivity were determined. Hydroly- 
sis of melanin with 6N HCl. A pooled sam- 
ple (9 mg) of melanin of known activity was 
autoclaved in a sealed tube with 10 ml of 6N 


HCl at 15 lb pressure for 3 hrs. The melanin 
precipitate did not change its physical ap- 
pearance but the acid solution was slightly 
colored. The extract was filtered from me- 
lanin aggregates which were washed first with 
water, then with alcohol. The extract and 
washings, after evaporation on a planchet for 
counting, left a trace of brownish layer spread 
evenly over entire surface. The melanin left 
behind after hydrolysis was only slightly sol- 
uble in 0.05N NaOH or 50% NH,OH. Me- 
lanin was suspended in NH,OH, dried on 
planchet and counted. The residue from the 
acid extract, after counting, was spotted on a 
Whatman filter paper No. 4 and subjected to 
2 dimensional chromatographic analysis. Phe- 
nol-water (80:20) and 2, 6-lutedine-water 
(65:35) were used as solvents for an ascend- 
ing system and spots were developed with nin- 
hydrin. 

Results. Feathers of all poults injected 
with DL-lysine-2-C!! were radioactive and 
did not open out of the sheaths in a normal 
way, probably due to high humidity in the 
chamber. These were washed under running 
water, dried and radioautographed using No- 
screen X-ray film for 11 days. The radio- 
autographs showed that radioactivity was dis- 
tributed throughout the feathers, however, 
the lower portion of shaft appeared to be more 
radioactive than the rest of the feathers. 

Melanin isolated from feathers of all 4 
poults was radioactive and no loss of radio- 
activity was noticed by repeated precipita- 
tions. Mother liquors from the 7th precipi- 
tation were inactive. The success in precipi- 
tating melanin to constant activity (Table I) 
indicated that radioactivity must be associ- 
ated with melanin itself. The melanins have 
not been chemically defined as yet. A solu- 
tion of melanin in 0.01N NaOH showed no 
characteristic absorption bands in ultraviolet 
or visible region. Greenstein et al.(4) found 
that melanin isolated from tissues was asso- 
ciated with pseudoglobulin. Hydrolysis of 
the conjugated proteins by pancreatic diges- 
tion to obtain melanin, still yielded protein- 
bound pigment. This protein was globulin in 
nature. Serra(5) also obtained confirmatory 
evidence for association of pigment (termed 
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TABLE I. Speeifie Activities of Isolated Melanins. 


No. of Wt of Time for Counts/min, Total 
precipi- melaninon 4096 counts, Total corrected for counts/mg 
tations planchets, mg min. counts/min, background melanin 
Background 205.95 20.0 
Poult I 5 3.6 30.35 134.0 114.0 32* 
A 7 2.0 49.60 82.5 62.5 31 
Mother liquor 196,44 20.4 4 
(7th p’p’tion) 
Poult II 5 2.9 58.09 70.5 50.5 7, 
ESE 5 3.4 27.92 147.0 127.0 37 
Tit 7 4.9 20.60 198.0 178.0 36 
Mother liquor 204.58 20.0 0 
(7th p’p’tion) 
Poult IV 5 6.8 36,55 112.0 92.0 14 
Combined 5.8 26.88 152.0 132.0 23 
Melanin residue 6.5 52.90 77.5 57.5 9 
after hydrolysis 
Acid extract 51.09 80.0 60.0t 


* Rounded figures. 


t Theoretically 6.3 mg of combined melanin sample will account for 143 counts/min. Actual 
recovery is only 118 counts/min. or about 82%. 


melanoid) with protein in melanin. Again, in 
contrast to the fibrous nature of the keratin 
protein, melanin protein was a pseudoglobulin. 

It was of interest to determine if the radio- 
activity of melanin was due to presence of ly- 
sine-2-C'* in the conjugated protein. Hy- 
drolysis of melanin with 6N HCl was carried 
out to free melanin from the protein fraction. 
There was no change in appearance of the 
black melanin aggregates after hydrolysis but 
they became almost insoluble in 0.05N NaOH, 
similar to the behavior noted by Serra(5). 
The melanin residue as well as HCl extract 
were equally radioactive (Table I). The resi- 
due can no longer be termed melanin because 
of its solubility behavior. 

The acid extract was subjected to a 2 di- 
mensional chromatographic analysis and most 
of the known amino acids could be detected 
on the chromatogram. The results indicate 
that melanin, as isolated from feathers, is in 
close association with a protein which gives 
melanin its characteristic solubility behavior. 
If this protein is partially or completely re- 
moved from melanin, its solubility in alkali is 
reduced. Some of the melanin residue became 
soluble when boiled with 1V NaOH but never 
dissolved completely as had been found by 
Serra(5). If the chromogen part of melanin 
is derived only from tyrosine, then activity of 
the melanin residue will have to be explained 


on the basis of incomplete hydrolysis of the 
conjugated protein or adsorption of some ra- 
dioactive amino acid on the residue. Melan- 
ins are known to behave as cation exchange 
substances(6). But a deficiency of phenyl- 
alanine and tyrosine caused no depigmenta- 
tion in poult feathers(unpublished). The 
present results suggest the possibility that the 
chromogen may be derived from lysine or a 
moiety of it. 

A sample of feathers was hydrolyzed for 24 
hrs with 6NV HCl, and amino acids were sepa- 
rated by procedure of Stein and Moore(7) 
and the fractions plated on polyethylene plan- 
chets and scanned for radioactivity. The main 
activity peaks corresponded to aspartic acid, 
glutamic acid and lysine. Distribution of ra- 
dioactivity in other amino acids (besides ly- 
sine) of feather keratin possibly accounts for 
the diffused nature of radioautographs of 
feathers. However, activity of the portion of 
feather which has already emerged before in- 
jection of lysine-2-C™ can only be explained 
on the basis of exchange of C™ either with 
amino acids or respiratory COyg. It is hard to 
explain the role of lysine in pigmentation of 
turkey poult feathers but these results are con- 
sistent with the postulation that lysine func- 
tions in pigment formation through its neces- 
sity for protein synthesis rather than an “‘ex- 
tra protein” function(1). 
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Summary. The melanin isolated from 
feathers of turkey poults injected with DL- 
lysine-2-C! was radioactive. Part of the ra- 
dioactivity was lost when melanin was auto- 
claved with 6N HCl. With the protein re- 
moved, “melanin” was only slightly soluble in 
0.05N NaOH. Radioactivity was also distrib- 
uted in aspartic acid, glutamic acid and ly- 
sine of the feather keratin. 
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Propagation of Japanese B_ encephalitis 
(JBE) virus in cultures of hamster kidney 
cells (HKC) has been studied fairly exten- 
sively(1,2) but these cultures have not been 
used in testing field materials collected during 
epidemiologic investigations. Therefore, an 
attempt was made to put this new laboratory 
tool to test with the expectation that it might 
have certain advantages over the use of mice. 
This report records results of comparative ap- 
plication of the in vitro and in vivo method for 
serum survey studies on distribution of JBE 
antibodies and to record results of compara- 
tive virus isolation attempts carried out in 
suckling mice and in HKC for recovery of 
JBE virus from field collected materials. 

Methods. Preparation and maintenance of 
HKC cultures for routine laboratory use has 
been described(2). For our studies, these 
tube cultures were inoculated and observed 


* In part from thesis submitted to Graduate School 
of Public Health, Univ. of Pittsburgh as partial re- 
quirement for Doctor of Science in Hygiene Degree. 
This work was done under sponsorship of Commission 
on Viral Infections of Armed Forces Epidemiological 
Board, and supported in part by Office of Surgeon 
General, Dept. of Army. 

t Walter Reed Army Inst. of Research, Washing- 
repay, AD) Ge 


for specific cytopathogenic responses in a 
manner analogous to procedures routinely in 
use with mice. Details of the mouse method 
have been recently reviewed(3) and the cur- 
rently used procedure varied but slightly. 
Briefly reviewed, the neutralization procedure 
employed a screen test using 2 dilutions of 
virus with undiluted serum which allows for 
estimation of a serum neutralization index. A 
neutralization index of >1.6 logs was inter- 
preted as positive; indices ranging between 1.1 
and 1.6 logs as equivocal and <1.1 logs as 
negative. All sera were inactivated at 56°C 
for % hour prior to testing.} The serum-virus 
mixtures were incubated 2 hours at 37°C. 
The unit volume for tissue culture inoculation 
was 0.1 ml; for white mice 0.03 ml by the in- 
tracerebral route. The HKC culture con- 
tained 1 ml of maintenance fluid prior to in- 
oculation, HKC cultures were observed daily 
for 7 days and mice were held for 14 days. 
Standard diluent for tissue culture virus in- 


+A neutralization procedure using inactivated ser- 
um was chosen to minimize the influence of labile 
“accessory factor” known to be necessary for demon- 
stration of maximum neutralizing activity in test 
sera. Since comparative tests were performed at an 
interval of several years elimination of the labile 
factor was essential. 
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_ TABLET. Results of HKC and Mouse Neutraliza- 


tion Tests* with JBE Virus on Sera Collected in 
Sumatra in 1954. 


Antibody incidence ratio 


Age group Mouse test HKC test 

(yr) 5 § = + = 
4— 5 0/5 0/5 0/5 0/5 
6-15 1/5 a oe 1/5 

16-25 2/5 2/5 3/5 0/5 

26-41 4/4 0/4 4/4 0/4 
424 4/5 0/5 3/5 1/5 

Total 11/24 2/24 10/24 2/24 


* HKC virus doses were 400 and 40 TCD, re- 
spectively for higher and lower dilutions used in 
test. Mouse virus doses varied between 100-200 and 
10-20 MLD,, respectively for higher and lower dilu- 
tions used in test. 


ocula was 10% normal calf serum in Hanks’ 
lactalbumin maintenance medium and_ for 
mouse brain virus, 10% normal rabbit serum 
saline. Virus isolation tests were carried out 
by similar methods of inoculation. Suckling 
mice were used, however, instead of adults and 
.01 ml was given intracerebrally. To com- 
pare sensitivity of the 2 methods, dried or 
frozen suspensions of field collected specimens 
were diluted in a 10-fold series and aliquots of 
each dilution tested in HKC and in mice. 
Serum survey studies. In 1954, serum speci- 
mens were collected from more than 100 resi- 
dents of southern Sumatra, Indonesia, as an 
activity of U.S. Army Medical Research Unit 
in Kuala Lumpur, Malaya.$ Bloods were col- 
lected aseptically in bleeding venules and the 
serum separated and stored in frozen state 
until thawed for testing for JBE antibody by 
the mouse method described above. Aliquots 
of these survey specimens were lyophilized in 
1956, brought to United States and stored at 
4°C until retested in HKC cultures in 1958. 
For our purpose, 25 of these dried sera were 
selected by stratified random selection pro- 
cedure, equal numbers from each of the 5 age 
groups (0-5; 6-15; 16-25; 26-41; >41 
years). The result on one serum was dis- 
carded because this serum had not been tested 
previously in the mouse test. Table I records 
responses elicited in the indicator systems. 


§ Unpublished data summarized in Progress Re- 
ports of U. S. Army Med. Res. Unit, Malaya, sub- 
mitted to Communicable Disease Division, Walter 
Reed Army Institute of Research, 1953-1956. 
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With only 4 sera were differences observed be- 
tween results of the 2 methods. In each in- 
stance, the difference involved equivocal re- 
sponses, 

Comparative isolation studies. Lyophilized 
mouse brain suspensions representing aliquots 
from 3 early passages of JBE virus isolated 
from mosquitoes collected in Malaya were 
available for study’. Available for testing 
also were frozen aliquots of 4 original emul- 
sions of mosquitoes which had been collected 
12 years before in Japan and were known to 
have contained virus(4). Finally, the dry ice- 
box files of frozen materials available in this 
laboratory contained aliquots of 3 original 
suspensions of human brain from which JBE 
virus had been isolated approximately 11 years 
previously(5). Virus recovery was accom- 
plished equally well in tissue cultures and in 
mice (Table II). The 3 early passage mouse 
adapted viruses from Malaya induced cyto- 


TABLE II. Results of Isolation Attempts from 
Suspect Materials Using Hamster Kidney Cell Cul- 
tures and Suckling Mice. 


HKC* Suckling mice* 
Identifi- Titer TCD,, Titer MLD, 
cation (neg.log) Result (neg.log) Result 
MM 182 >2.0 + >2.0 a 
192 ” %? ”? ” 
193 ” ” ” ” 
JIM 317 ” > ” ” 
534 Tox. a rs 2 
538 4,3 + oon z 
541 i v3 3.6 % 
HB A Tox 0 ¢ <und 0 
P ” Lf ” § 
D ” ” ” \| , 


MM = Malayan mosquito virus, early mouse pas- 
sage, dried material. JM — Japanese mosquito 
emulsion; original material stored at dry icebox 
temperatures. HB — Human brain emulsion; orig- 
inal material stored at dry icebox temperatures, 

Tox. = No titer; suspect material toxie for HKC 
cultures. 

* Titrations done in 10-fold dilution series; 0.1 
ml dose for HKC and 0.01 ml dose for mice; 4 
tubes/dilution and 6 mice/dilution. 

+t Additional passage of pooled tissue culture flu- 
ids revealed presence of virus to titer of approxi- 
mately 10-*-°/0.1 ml. 

¢ Additional passage of pooled tissue culture flu- 
ids failed to reveal presence of virus. 

§ 2 mice found dead on 18th and 19th day re- 
spectively in titration series; further passage 
failed to reveal presence of virus. 

|| 2 mice found dead on 18th day in titration 
series; further passage failed to reveal presence of 
virus. 
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pathogenic changes in tissue cultures and 
deaths in mice in all dilutions tested. Simi- 
larly, the lot 317 and lot 534 original Japanese 
mosquito preparations yielded virus in all dilu- 
tions tested. The 2 Japanese mosquito iso- 
lates (lots 538 and 541) tested in sufficient 
dilution to yield endpoints, indicated that the 
HKC cultures were possibly more sensitive to 
presence of virus than were suckling mice. 
Each of the tissue culture titers was 10*:? and 
the mouse titers were 10-°°7 and 10°%°. The 
3 human brain suspensions were toxic for tis- 
sue cultures and irregular deaths occurred in 
mice. Further passages both in mice and tis- 
sue cultures failed to reveal any residual ac- 
tive virus in these preparations. Each of the 
recovered viruses was identified as JBE virus 
by neutralization in HKC cultures with speci- 
fic rabbit hyperimmune serum. 


Discussion. Results of the serum survey 
studies leave little doubt that the in vitro 
HKC culture method can be substituted for 
the in vivo mouse tests now used in laboratory 
aspects of epidemiologic studies designed to 
gain information on distribution of JBE anti- 
bodies in different geographic localities. The 
results of the 2 types of tests differed only in 
4 sera in which an equivocal response was ob- 
tained by one method. Since an equivocal re- 
sult in this type of test simply means that the 
test cannot be interpreted as positive or nega- 
tive, complete agreement in 20 of 24 tests and, 
in fact, in all tests not involving an equivocal 
result, is an indication of excellent association. 
This degree of reproducibility is as good or 
better than might be expected had mouse neu- 
tralization tests been performed again on 
these same sera instead of tissue culture tests. 
In view of the marked susceptibility of the 
HKC culture to other members of the arthro- 
pod-borne viral encephalitis group(1,2), it 
seems probable that this in vitro method can 
be applied to studies designed to gain similar 
information about distribution of antibodies 
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for several of the arthropod-borne viral infec- 
tions. iptte | 

The use of HKC cultures for recovery and 
identification of JBE virus from field collected 
materials compared favorably with the use of 
suckling mouse in studies summarized here. 
However, the toxic effects of certain of the in- 
ocula, the occasional spontaneous degenera- 
tion of monolayers following inoculation and 
the difficulty of assessing the cytopathogenic 
response of the monolayer, all contributed to 
a general feeling of dissatisfaction with the re- 
sults obtained following the primary inocula- 
tion. However, subsequent passage left no 
doubt as to the effectiveness of the method 
when combined with a second passage. The 
in vitro method appeared to be slightly more 
sensitive to minimal quantities of unadapted 
virus than did the suckling mouse. 

Summary. Comparative neutralization 
tests on 24 sera from residents of Indonesia 
carried out both in adult mice and in HKC 
cultures gave essentially identical results. 
Comparative isolation attempts using field col- 
lected mosquitoes, early mouse passages from 
field isolates and human brain tested in HKC 
cultures and suckling mice showed the in vitro 
indicator system to be as sensitive and pos- 
sibly more sensitive to the presence of mini- 
mal amounts of virus. The implications of 
these findings were discussed for immediate 
application in public health laboratories. 
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Ability of primate cells in culture to adsorb 
poliovirus quantitatively and suffer infection, 
and the corresponding incapacity of non-pri- 
mate cells, is determined by specific surface 
receptor material possessed only by suscep- 
tible cells(1,2). This finding suggested that 
limitation of poliovirus infectivity to primate 
cells was governed primarily by specific inter- 
action between viral coating protein and cell 
surface receptors. This communication shows 
that insusceptible non-primate cells in vitro or 
in vivo can produce infectious poliovirus when 
exposed to viral ribonucleic acid (RNA) as 
a means of bypassing specific surface virus- 
cell interaction. 

Materials and methods. Cell culture stocks, 
media and cultivation methods have been de- 
scribed(1). Maitland-type suspensions of 
liver tissue in 10% calf serum in YEM (yeast 
extract medium) were prepared from liver 
gently minced into 3-5 mm fragments and 
washed thoroughly before exposure to RNA. 
Poliovirus, Type 1 (Mahoney, Connaught 
Medical Labs, Toronto) was prepared by dis- 
rupting infected HeLa cells, sedimenting cell 
debris at 20,000 x g for 10 minutes, and con- 
centrating virus at 105,000 x g. (Experiments 
with purified and concentrated Type 1 polio- 
virus kindly supplied by Dr. Ralph B. Houli- 
han of Cutter Labs will be reported else- 
where.) Concentrated virus, suspended in 
0.2 M NaCl and stored at —20°C, contained 
between 0.6 and 1.0 x 10'° plaque-forming 
units (PFU) /ml in different pools. Vzrus as- 
says by plaque count with HeLa cells adapted 
to growth in calf serum have been described 
(1). Extraction of ribonucleic acid from polio- 
virus was accomplished by Gierer-Schramm 
(3) phenol extraction method, as applied by 
Colter et al.(4) to animal viruses, and im- 
proved by Alexander e¢ al.(5) for infection of 


* Aided by grants from Natl. Fn., Nat. Cancer Inst., 
and Frederica Beard Memorial Grant for Cancer 
Research, Am. Cancer Soc. 


cultivated cells by suspension of RNA in hy- 
pertonic saline. Versene (5 x 10 M) was 
added to virus before extraction to prevent 
metal-ion inactivation(6). Small lots of virus 
were triply extracted with equal volumes of 
water-saturated phenol (Mallinckrodt ana- 
lytical reagent, liquefied); extractions in- 
volved vigorous shaking for 5 minutes at room 
temperature, chilling of mixtures in ice bath, 
and centrifugation to separate supernatant 
aqueous layer for 2 further extractions. The 
final aqueous phase was extracted 5 times 
with equal volumes of ether (Merck, fresh and 
washed with distilled water), and dissolved 
ether evaporated by bubbling nitrogen gas at 
O°C. Animals were inoculated directly with 
RNA freshly so prepared; for infection of cell 
cultures, pH was adjusted to 7.2 with sodium 
bicarbonate solution and phenol red indicator, 
and sterile 5 M NaCl was added to make the 
RNA solution about 1 M(5). Infection of 
animals and cells with RNA. Mice were in- 
jected with 0.03 ml and rabbits, guinea pigs, 
chicks and hamsters with 0.05 ml intracere- 
brally. Cell monolayers (about 2 x 10° cells) 
triply washed with 0.5 M NaCl and thor- 
oughly drained were exposed to 0.1 ml 
amounts of RNA for 15 minutes at room 
temperature. The inoculum was redistributed 
frequently by rocking of the bottles. For 
plaque-count assay of produced poliovirus, ex- 
posed bottles were overlaid with 5 ml of semi- 
solid agar medium; for assays of released 
virus, bottles were overlaid with 5 ml of 10% 
calf serum in YEM. Bottles were incubated 
at 37°C.  Liquid-medium cultures were 
treated at intervals by separation of cells and 
medium, disruption of cells by 3 cycles of 
freezing and thawing, and storage of medium 
and disrupted cells at -20°C. Anti-poliovirus 
serum was obtained from monkeys repeatedly 
inoculated with live virus. Ribonuclease 
(crystalline, Nutritional Biochemicals Corp.) 
was dissolved in 0.14 M NaCl (1 mg/ml) to 
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give a 10x stock solution which was sterilized 
by filtration and stored at 4°C. 

Results. For control purposes, response of 
primate cell monolayers to poliovirus RNA 
(5) was determined by counting plaques ap- 
pearing in agar-overlaid cultures of HeLa, 
human amnion and monkey kidney. Table I 
shows that primate cell monolayers could be 
infected by poliovirus RNA; infectivity was 
destroyed completely by pretreatment of 
RNA with ribonuclease. Results illustrate 
variation in infectivity of 2 lots of RNA pre- 
pared at different times with the same polio- 
virus pool, and diversity in susceptibility of 
different cells. 


TABLE I. Production of Type 1 Poliovirus by 
Primate Cell Cultures Exposed to Poliovirus RNA. 


Plaque counts/monolayer inve. 
with 0.1 ml poliovirus RNAt 


Cell type* RNA lot 1 RNA lot 2 
HeLa 171, 108, 154 26, 41, 18, 20 
Human amnion 3,057 0,0, 0,0 
Monkey kidney >1004¢ 19, 15, 25, 7 


* Different batches of cultures were used for 
each experiment. 

+ Prior treatment of viral RNA with ribonu- 
clease for 1 min, at room temperature destroyed 
infectivity (0 PFU from 21 seedings on 7 mono- 
layer cultures of each cell type). RNA lots were 
prepared at different times from same virus pool. 

+ Confluent cytopathic effect on all 3 monolayers. 


Response of non-primate cells to poliovirus 
RNA. Freshly prepared RNA was added to 
monolayer cultures or suspensions of non-pri- 
mate cells ordinarily insusceptible to polio- 
virus infection. At intervals after exposure, 
total number of PFU per culture vessel was 
assayed by HeLa cell plaque counts. Table 
II shows results typical of many experiments; 
infectious poliovirus was produced by non- 
primate cells in amount comparable to that 
produced under the same conditions by pri- 
mate cells. Non-primate cells exposed to 
ribonuclease-treated RNA produced no infec- 
tious virus, and capacity of RNA-exposed cells 
to produce infectious virus was lost when 
cells were heated for 2 min at 60°C before ex- 
posure. Absence of infectious virus 3 hours 
after exposure of cells to RNA suggested that 
a latent period preceded production of new 
virus, as it does when susceptible cells are in- 
fected with intact virus. In different experi- 
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TABLE ITI. Production of Type 1 Poliovirus by 
Naturally Susceptible and Insusceptible Mam- 
malian Cells to Poliovirus RNA. 


Poliovirus PFU/culture 
vessel at indicated times 
after RNA infection* 
Test system 3hr 18hr 24 hr 
Primate 
HeLa a fait <a SU 
Primary human amnion Oeouxe £07 
a monkey kidney 09) e104 
Non-primatet 
Domestic rabbit fibroblast 0 7X 10%. 9 xaee 
Cottontail ” epithelium 0 OX 10 See 
A ” papilloma 0. 9%. 102-8 ates 
ERK-2 0 Lx10° Spe 
Heat-killed ERK-2 t) 0 
L strain mouse fibroblasts 0 245C 1045. 1 Saas 
Heat-killed L strain 0 0 0 
Primary rabbit skin OP you xXeugs 
Chick liver Maitland culture 0 4 xX 10* 8a 
Guinea pig liver Maitland 0 8 <;10®) 5 Kase 
culture 
Hamster liver Maitland eul- 0) Sete: 
ture 


* Monolayer cultures of about 2 < 10° cells were 
treated with 0.1 ml RNA; 0.5 ml was added to 
washed tissue fragments in Maitland-type suspen- 
sion. When RNA was treated with ribonuclease 
prior to inoculation, each cell system yielded 0 
PERU: 


t Ref.(1). 


ments, non-primate cells also varied consider- 
ably in response to RNA. Some cells (un- 
transformed embryonic rabbit kidney (ERK- 
2) kindly supplied by Dr. J. C. N. Westwood, 
domestic rabbit fibroblast, rabbit skin cells in 
primary culture) consistently produced good 
yields of poliovirus following RNA infection, 
while other cells (cottontail rabbit papilloma 


TABLE III. Distribution of Type 1 Poliovirus in 
Non-primate Cell Cultures Exposed to Poliovirus 
RNA. 


Distribution of new 
virus at indicated 
times after RNA 

inoculation* 
18hr 24hr 


Test system 10 hr 


Domestic rabbit fibroblast: © ———% —___« 


New virus in cells >95 >95 47 

as SS medtum <<a 15) << 1) 53 
ERK-2: 

New virus in cells >95 61 34 

ig ”  ” medium cars) 39 66 


* At indicated intervals after exposure to 0.1 ml 
poliovirus RNA, monolayer-culture cells were 
washed and disrupted by freeze-thaw eycles; dis- 
rupted cells and harvested medium were assayed 
separately for poliovirus PFU. 
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epithelial cells, human amnion cells in pri- 
mary culture) invariaby yielded no or small 
numbers of PFU. As with susceptible cells 
infected with intact virus, non-primate cells 
exposed to RNA accumulated infectious virus 
intracellularly before releasing it into the me- 
dium (Table IIT). Non-primate cells exposed 
to poliovirus RNA were not visibly cytopathi- 
cally affected. 

Response of non-primate animals to po- 
liovirus RNA. Animals of species ordi- 
narily insusceptible to poliovirus infection 
yielded infectious virus 18 hours after intra- 
cerebral inoculation of viral RNA (Table IV). 
Virus production was prevented by prior treat- 
ment of RNA with ribonuclease, and was pre- 
ceded by a latent period. 

Discussion. Naturally insusceptible non- 
primate cells, after a latent period following 
exposure to poliovirus RNA, in vitro or in vivo 
produced infectious poliovirus. RNA activ- 
ity was destroyed by ribonuclease treatment. 
RNA-exposed non-primate cells in culture ac- 
cumulated infectious virus intracellularly be- 
fore release. By use of viral RNA, it was pos- 
sible to bypass specific receptor mechanisms of 
the cells to infect both primate and non-pri- 
mate cells to about the same extent. Findings 
are similar to those with T2 coliphage(7) in- 
dicating that bacterial-virus host range also 
may be dependent primarily upon specific 
complementariness of cell surface and virus 
coat protein (or phage-tail tip). Extracellu- 
lar release of infectious poliovirus by non- 
primate cells lacking specific receptors sug- 
gests that such receptors are not essential for 
poliovirus release. Present experience indi- 
cates that infectious poliovirus produced by 
RNA-exposed insusceptible cells and animals 
is indistinguishable from the virus donating 
the RNA; progeny virus has been found read- 
ily neutralized by homotypic antiviral serum, 
unaffected by ribonuclease, and unable to in- 
fect such non-primate cells as produced it. 
Reasons for variation in receptivity of various 
cell types to the same or different lots of viral 
RNA are not known, but do not appear con- 
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TABLE IV. Production of Type 1 Poliovirus by 
Brain Cells of Non-primate Animals Inoculated 
Intracerebrally with Poliovirus RNA. _. 


Poliovirus PFU/brain 
at indicated times after 
RNA inoeulation* 


Animal shr 18hr 36 hr 
Mouse OO eSc5108) a ais 
Rabbit Ole gL 08 
Guinea pig Ohio L0s 
Chick 0) lee Wise Alar 
Hamster OF S510 4 ano 
Any of above inoe. with ribo- 0 0 0 


nuclease-treated RNA 


* Mice were inoculated with 0.03 ml and other 
animals with 0.05 ml RNA. At indicated times 
after inoculation, animals were killed, brains were 
removed, disrupted in a Potter-Elvehjem homoge- 
nizer and assayed for virus PFU. Ribonuclease 
treatment for 1 min. at room temperature prior to 
inoculation destroyed RNA infectivity. 


nected with susceptibility of cells to intact 
virus. Human amnion cells in primary cul- 
ture, which are very sensitive to infection by 
intact poliovirus, generally are relatively unre- 
ceptive to RNA although occasionally mem- 
branes have yielded cells as able to produce 
virus from RNA as are HeLa and monkey 
kidney cells. 

Summary. Exposure of non-primate cells 
in vitro and in vivo to poliovirus RNA re- 
sulted in production of infectious poliovirus, 
without induction of apparent cytopathogenic 
effect in vitro or disease in vivo. 


1. McLaren, L. C., Holland, J. J., Syverton, J. T., 
J. Exp. Med., 1959, v109, 475. 

2. Holland, J. J.. McLaren, L. C., ibid., 1959, v109, 
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3. Gierer, A., Schramm, G., Z. Naturforsch., 1956, 
wiib 138: 

4. Colter, J. S., Bird, H. H., Moyer, A. W., Brown, 
R. A., Virology, 1957, v4, 522. 

5. Alexander, H. E., Koch, G., Morgan-Mountain, 
I. Van Damme, O., J. Exp. Med., 1958, v108, 493. 

6. Fraenkel-Conrat, H., Cellular Biology Nucleic 
Acids and Viruses, p217, Edited by St. Whitlock, 
Ney, Acad. oc, IN Y., 1957. 
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Lytic Property of Human Cord Blood Serum. 


(24799) 


B. Bercovici, G. WELIsH AND D., NELKEN (Introduced by B. Zondek) 
Depts. of Obstetrics, Gynecology and Clinical Microbiology, Hadassah University Hospital and 
Hebrew University-Hadassah Medical School, Jerusalem, Israel 


During investigation on neonatal jaundice 
Mitchell(1) found that 5 out of 23 samples 
of cord blood sera possessed hemolytic activ- 
ity in infants’ red cells. Goldbloom and 
Gottlieb(2), however, did not confirm this 
finding. The following report presents results 
of a study of lytic properties of normal hu- 
man cord sera. 

Materials and methods. One hundred and 
one cord blood sera were examined. One 
hundred and twenty-six peripheral blood sera 
served as controls. The latter were ob- 
tained as follows: 20 from _ parturient 
women simultaneously with corresponding 
cord sera; 41 from women in 2nd and 
3rd_ trimester of pregnancy and 65 from 
medical students. Sera were examined on 
day of collection or kept at —20°C until used. 
Cord blood was obtained either by venipunc- 
ture or immediately after cutting the cord 
with scissors. Human erythrocytes from 
adults of Group I Rh+ and O Rh- taken on 
day of examination were used. Care was 
taken to exclude Rh incompatibility. Nor- 
mal and papainized erythrocytes were exam- 
ined parallel throughout. Papain treated 
erythrocytes were prepared by adding 0.25 
ml of washed erythrocytes and 0.5 ml of 1% 
papain solution to 4.25 ml of normal saline. 
After incubation at 37°C, 20-30 minutes, the 
cells were washed 3 times in saline and a 5% 
suspension prepared. Estimation of degree of 
hemolysis. 0.5 ml of cell suspension added to 
0.5 ml of serum was incubated at 37°C for 10 
hours and occasionally shaken. All glassware, 
reagents and blood samples were sterile and 
care was taken to avoid bacterial contamina- 
tion during procedure. The supernata were 
removed by centrifugation and diluted with 
normal saline to 3.5 ml. Degree of hemolysis 
was determined in Klett photocolorimeter 
with a 56 filter. As control, representing 
100% hemolysis, a saline suspension of red 
blood cells of same concentration was repeat- 


edly frozen and thawed. The zero point for 
each serum tested was determined at same 
dilution but without added red blood cells. 
Only hemolysis greater than 20% was consid- 
ered positive. In some cases the following 
additional procedures were performed and 
lytic activity of the serum reexamined. 
Eighty-three cord sera were heated to 56° for 
30 minutes. Ten cord sera, which showed ly- 
tic activity at a titer of at least 1:10, were 
diluted to 1:4 and 1:8 with normal saline and 
heated to 80°C or 100°C for 30 minutes. 
2 ml of cord serum were dialyzed against 1000 
ml of physiological salt solution for 12-16 
hours at 6°C. Twelve cord sera were used. 
Osmotic fragility of erythrocytes. Ten drops 
of normal packed erythrocytes were added to 
2 ml of cord serum and incubated for 3 hours 
at 37°C with occasional shaking. The serum 
was then separated by centrifugation and one 
drop of erythrocytes added to each of 10 solu- 
tions of NaCl from 0.50% to 0.32%. 

Results. Sixty-eight of 101 cord sera ex- 
amined showed hemolytic activity of papain- 
ized erythrocytes (Table I). Normal eryth- 
rocytes were not affected. The 126 control 
sera lysed neither normal nor papainized red 
cells. 

Heating of cord sera to 56°C for 30 min- 
utes intensified the lytic effect. As shown in 
Table II, 17 negative samples became positive 
and previously positive samples showed 
higher degree of hemolysis after heating. It 
then seems possible that some heat labile fac- 
tor protecting the papainized erythrocytes was 


TABLE I, Lytie Effect of Cord Sera on Papain 
Treated Erythrocytes. 


No. of 
No.of Posi- control Posi- 
cord sera tive sera tive 
Papain treated 101 68 126 0 
erythrocytes 
Normal erythro- 101 0 126 0 
cytes 
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TABLE II. Influence of Heating to 56°C for 30 Min. on Lytie Effect of Cord Sera. 
_——_———_——————————— SS S====S___=_—__—__—__—__ 


No. of 21-40% 41-70% Over 70% 
sera hemolysis hemolysis hemolysis Total 
Unheated 83 36 (43.37%) 13 (15.65%) 7 ( 8.43%) 56 (67.3%) 
Heated 83 20 (24.09%) 33 (39.75%) 20 (24.09%) 73 (87.7%) 


present in non-heated cord serum. Forty-five 
similarly treated blood sera from normal 
adults developed no hemolytic activity. Heat- 
ing of cord sera to 80°C or 100°C for 30 min- 
utes either diminished or abolished lytic ac- 
tivity. When some sera which gave negative 
results, were reexamined with different sam- 
ples of erythrocytes, positive results were ob- 
tained in a few cases. The role which the 
erythrocytes may play in lytic process is un- 
der investigation. 

After dialysis against physiological salt so- 
lution 10 out of 12 cord sera showed complete 
disappearance of lytic properties. This indi- 
cates that the responsible factor is a small 
molecule. 

Normal (7.e., non-papainized) erythrocytes 
which had been incubated with cord sera 
showed increased fragility. Such cells when 
incubated with 8 cord sera showed hemolysis 


beginning at 0.46% NaCl and complete at 
0.38% NaCl. When incubated with normal 
sera, fragility ranged 0.44% to 0.34% NaCl. 


Summary. Sixty-eight of 101 cord sera 
possessed ability to lyse papainized red blood 
cells. Heating of cord sera to 56°C enhanced 
lytic activity and revealed hemolytic proper- 
ties in some of previously negative sera. This 
lytic property could be eliminated by heating 
sera to 80° - 100°C for 30 minutes, and in 
most cases by dialysis against a physiological 
salt solution. Incubation of normal erythro- 
cytes in cord serum caused an increased os- 
motic fragility. 


1. Mitchell, J. M., Am. J. Dis. Child., 1928, v36, 


2. Goldbloom, A., Gottlieb, R., zbid., 1929, v38, 
57. 
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Effect of Sickle Cell Erythrocytes on in vitro Growth Characteristics of 


Certain Bacteria. 


(24800) 


Wirtram F. McCormick, CLYDE FLANIGAN, JR., AND JERRY T. FRANCISCO* 
(Introduced by D. H. Sprunt) 
Division of Pathology and Microbiology, University of Tennessee and City of Memphis Hospitals 


In our study of in vitro effect of homozy- 
gous sickle cell blood plates (S-S plates) on 
growth of certain Salmonella species and other 
pathogenic micro-organisms we demonstrated 
a bacterial-erythrocyte relationship previ- 
ously unreported which was deemed of suf- 
ficient interest to warrant publication of pre- 
liminary findings. This report deals with 
demonstration of real growth differences of 3 


* Formerly Univ. of Tennessee, Memphis, now, 
U_S. Naval Hospital, Memphis. Opinions or con- 
clusions in this report are those of the authors. They 
are not to be construed as necessarily reflecting views 
or endorsement of Navy Dept. 


organisms on normal human blood agar plates 
(A-A hemoglobin cells) as compared with 
sickle cell blood agar plates (S-S hemoglobin 
cells). This work in progress on Salmonella 
and other species will be reported later. 
Method and material. Fresh blood from 4 
homozygous sickle cell patients were collected 
under sterile conditions in Baxter-Alsever 
(A.C.D.) solution. Blood was then washed 
3 times with sterile .85% saline solution, and 
washed, plasma-free cells resuspended in 
physiological saline solution to an hematocrit 
of 40%. Analysis of blood by filter paper elec- 
trophoresis showed them to be homozygous 
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FIG. 1. 1:100 dilution of Hemophilus influenzae on (a) A-A plates and (b) on S-S plates. 


SICKLE CELL ERYTHROCYTES ON GROWTH CHARACTERISTICS 


FIG. 2. 1:100 dilution of Streptococcus salivarius on (a) A-A and (b) S-S plates. 


hemoglobin S. Alkali denaturation studies for 
fetal hemoglobin content were carried out on 
all sickle cell bloods. Samples ranged in fetal 
(F) hemoglobin content from 3.2 to 6.7%. 
Blood from 5 normal donors was _ treated 
similarly. An aliquot of these samples was 
also analyzed by filter paper electrophoresis. 
Electrophoresis was carried out in Beckman 
Spince Model R paper electrophoresis system, 
using veronal buffer with pH 8.6 and ionic 
strength 0.05M. Hemoglobins were run 12 
hours at 7 milliamps. Trypticase soy agar 
(B.B.L.) was used to prepare blood plates. 
Plates were prepared using known homozy- 


gous A hemoglobin cells (A-A plates) and 
homozygous S hemoglobin cells (S-S plates). 
Original rough procedures for screening pos- 
sible differences in erythrocyte effects were 
carried out with organisms of the following 6 
genera: Salmonella: S. typhosa, S. paratyphi, 
S. schotimueller; S. cholerae sius, S. newport, 
S. enteritidis, S. montevedio; Hemophilus: H. 
influenzae; Bordetella: B. pertussis; I. Strep- 
tococcus: Strep. pyogenes, Strep. salivarius; 
Diplococcus: D. plococcus pneumoniae Type 
III; and Staphylococcus: Staph. pyogenes 
Var. Aureus. These organisms were chosen 
as common members of 3 groups, Salmonella, 


oe 
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FIG. 3. 1:100 dilution of Diplococcus pnewmoniae 


Type III on (a) A-A plates and (b) S-S plates. 


because of reported association with osteomye- 
litis(1,2,3), Hemophilus as a _ hemophilic 
group, and the remainder because of their 
characteristic hemolysis of human blood. Ini- 
tial screening was accomplished by inocula- 
tion of 1:10 serial dilutions of organisms made 
from 18-hour broth culture or broth suspen- 
sion of 18-hour surface plate growth onto both 
A-A and S-S plates. Screening procedure was 
repeated in toto on 2 occasions using different 
blood donors with similar results. This pro- 
cedure showed obvious differences in only 3 
of above organisms, findings in the Salmonella 
group being conspicuously negative. These 
3 organisms were restudied as follows: 18- 
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hour growth of Pneumococcus Type III, 
Hemophilus influenzae and Streptococcus sali- 
varius was harvested from surface inoculated 
plates (Trypticase soy blood agar) with ster- 
ile cotton swabs and suspended in saline to 
approximate turbidimetric equal of Kings- 
bury-Clark 40 mg/100 ml. Serial 1:10 dilu- 
tions of each organism were made to 108. A 
sterile glass spreader was employed in dis- 
tribution 0.1 ml of each dilution over surface 
of agar plates employing (1) 4% washed ho- 
mozygous A (A-A), (2) 4% washed homozy- 
gous S (S-S), and (3) 4% control unwashed 
homozygous A (A-A) red blood cells. All in- 
oculations were performed in duplicate. Col- 
ony numbers of all 3 organisms in washed 
A-A and unwashed control A-A plates were 
within limits of standard error. 


Results hemophilus influenzae: This organ- 
ism grew less profusely on S-S hemoglobin 
plates than on A-A plates. Colonial morphol- 
ogy appeared indistinguishable on the 2 hemo- 
globins (Fig. la, Ib). 

Streptococcus salivarius. Colonies were 
more numerous and smaller on A-A plates and 
less numerous and larger on S-S plates (Fig. 
2a, 2b). No difference in hemolysis was noted. 

Diplococcus pneumoniae. Colonies grew 
normally on A-A plates, maintaining tendency 
to produce watery colonies. S-S plates failed 
to produce growth except on heavy inocula- 
tion. These colonies that did grow rarely, 
produced typical watery colony (Fig. 3a, 3b). 
No difference in hemolysis was noticed where 
growth did occur. Two strains of Type III 
pneumococci showed similar results. 

Discussion. This work serves to demon- 
strate that S-S red blood cells differ in ability 
to react to and to supply the needs of one 
hemophilic and 2 hemolytic organisms. This 
effect appears to be all-or-none with regard to 
individual organisms in the inoculum. Colony 
size appeared unaltered (smaller sizes in 
Streptococcus salivarius on A-A plates was 
probably due to competitive inhibition) 
whereas colony numbers were obviously af- 
fected. At present we can offer no explana- 
tion of this phenomenon. 

It is of interest that Hemophilus influenzae, 
a hemoglobinophil, is somewhat inhibited by 
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S-S red blood cells. It is accepted that heme 
constitutes X growth factor for this organism 
(4), but the 2 hemoglobins under study (A-A 
and S-S) are thought to differ only in their 
globin fraction(5). 

As multiple blood donors from unrelated 
families were used and experiments were run 
on 2 to 4 separate occasions with similar re- 
sults, we believe our findings to be highly sig- 
nificant. 

Summary. Homozygous sickle cell (S-S) 
red blood cells were less capable of fostering 
surface growth of Hemophilus influenzae, 
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Diplococcus pneumoniae, and Streptococcus 
salivarius in Trypticase soy agar than were 
normal adult (A-A) red blood cells. 

1. Hughes, J. G., Carroll, D. S., Pediat., 1957, v19, 
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3. Hook, E. W., Cooper, G. R., ibid., 1958, v51, 
610. 

4, Alexander, H. E. In Dubos, R. J., Bacterial and 
Mycotic Infections of Man, Ed. 2, J. B. Lippincott 
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5. Ingram, V. M., Scientific American, 1958, v198, 
68. 

Received December 18, 1958. P.S.E.B.M., 1959, v100. 


Cortisone Effect on Exogenous Cholesterol Metabolism: Isotope 


Observations in Cholesterol-Fed Rabbit. 


(24801) 


ABRAHAM Dury AND LEON SWELL* 
Dorn Lab. for Medical Research, Bradford Hospital, Bradford, Pa., and Vet. Admin. Center, 
Martinsburg, W. Va. 


It is firmly established(1-5) that cortisone 
retards development of atherosclerosis in 
cholesterol fed rabbits. Although aortal find- 
ings were correlated with several kinds of 
physico-chemical alterations in blood lipid 
composition, none of these appeared directly 
responsible for the observed inhibitory phe- 
nomenon(1,2,4,5-7). Since cholesterol de- 
position in aortic intima is primary to devel- 
opment of atheroma in the experimental ani- 
mal and cortisone exerted an influence upon 
this process, an investigation was undertaken 
of the effect of cortisone on cholesterol me- 
tabolism. In this paper is reported an experi- 
ment comparing fate of meal containing cho- 
lesterol-4-C'* in untreated and cortisone 
treated rabbits fed a high cholesterol diet for 
2 weeks. 

Materials and methods. Eight, female, New 
Zealand white rabbits of pedigreed stock were 
used. A morning ration of 35 g of ground 
food pellets mixed with 1 g of crystalline cho- 
lesterol (U.S.P., Merckt) was given daily to 


* Address: General Medical Research, Vet. Admin. 
Center. 

1 We thank Frederick K. Heath for generous sup- 
ply of cholesterol (Cholesterin, U.S.P.; Merck). 


each rabbit and 6 hours later an additional 
100 g of unground stock chow. The morning 
meal usually was completely ingested in 3 
hours. Tap water was available ad lib. At 
1:30 daily, 10 mg of cortisone acetate was in- 
jected into a thigh muscle of 4 rabbits while 
others were injected with equal amount (1 ml) 
of physiological saline. On 12th day a meal 
containing 1 g of labeled cholesterol (10 pe 
cholesterol-4-C!*) was substituted for the 
morning ration. After labeled cholesterol 
meal, heart blood (5 cc) was taken at 6, 10 
and 24 hours. A 1 ml plasma aliquot of these 
blood samples was extracted with 25 ml of 
1:1 alcohol-acetone and adequate amounts of 
extract were taken for cholesterol chemical 
and radioactivity determinations. A terminal 
heart blood sample (15 cc) was taken 48 
hours after labeled cholesterol meal and the 
animals killed with an overdose of intraven- 
ously administered EVIPAL  (n-methy]l- 
cyclo-hexenyl-methylbarbituric acid). The 
entire liver, the aorta, and 5 g approximately 
of uppermost section of ileum were excised. 
The latter 2 tissues were cleaned of adherent 
fat, opened longitudinally, and rinsed with 
ice-cold 0.85% saline solution. The lipids of 
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TABLE I. Effect of Cortisone in Cholesterol-Fed Rabbits upon Free and Esterified Cholesterol 
Content of Selected Tissues. 
S888 EEE 


Not treated 


Cortisone treated* 


Tissues RICF E. C. TARA CR 1OA(e), 
Tleum 3.04 (2.88-3.24) ¢ .28 ( .23- .42) 2.96 (2.77-3.31) 82 ( .29- 40) 
Aorta 1.51 (1.42-1.62) 07 (0 - 18) 1.52 (1.84-1.75) 01 (0 - .04) 
Plasma 1.07 ( .84-1.32) 2.77 (2.28-3.28) 57 ( .46- .62) 1.13 ( .88-1.46) 
Liver 2.42 (2.12-2.63) 2.14 (1.57-3.81) 1.45 (1.25-1.70) 1.35 ( .99-1.94) 
Liver content, mg 234.3 205.8 302.0 280.1 
Body wt, kg 3.06 ( 2.49- 3.56)$ 2.98 ( 2.78- 3.20) 
Liver ae 97.2 (84.9 -109.4 ) 212.7 (168.6 -251.6 ) 
g/kg 34.6 (26.9 - 43.9 ) 71.9 ( 57.2 - 90.5 ) 
* See text. t F.C. = Free cholesterol; E.C. — Ester cholesterol ¢ Mean and 


range of values in group, mg/g of tissue or ee of plasma. 


aorta, ileum, 5 g pieces of liver and 5 ml 
plasma aliquot F terminal blood sample were 
extracted as follows: twice with 10 volumes 
of 1:1 alcohol-acetone, twice with 10 volumes 
of 1:3 alcohol-ether, and once with 10 vol- 
umes of 2:1 chloroform-methanol. The 
combined extracts were taken to dryness 
under nitrogen on steam bath and the 
residues redissolved in appropriate vol- 
umes of 2:1 chloroform-methanol. Free 
and esterified cholesterol-4-C1* were precipi- 
tated as digitonides from suitable aliquots of 
1:1 alcohol-acetone solutions according to 
Swell e¢ al.(8). The digitonides C'-activities 
were measured in windowless gas flow counter 
and corrected for self-absorption. In some 
cases unlabelled cholesterol was added to ob- 
tain proper plating of digitonides. An attempt 
was made to plate the digitonide of 2-5 mg 
of cholesterol. Counting error was held to + 
3%. Chemical free and total cholesterol were 
determined colorimetrically on each extract 
by the method of Sperry and Webb(9). 
Results. In both groups average body 
weight was the same while in cortisone in- 
jected rabbits, livers weighed twice that of 
untreated animals (Table I). In liver and 
plasma terminal concentrations of free and 
esterified cholesterol of cortisone treated rab- 
bits were approximately 50% of respective 
tissue values in the untreated animal. Corti- 
sone injection resulted in retarded develop- 
ment of hypercholesterolemia in this period 
of high cholesterol ingestion. The difference 
between the 2 groups of animals with respect 
to concentrations of liver cholesterol fractions 
was more than compensated by the increased 
weight of liver in cortisone injected animals. 


§ Mean and range of values. 


In the latter free and ester cholesterol content 
in the entire liver were approximately 30% 
more than in the entire organ of untreated 
rabbits. Concentrations of cholesterol frac- 
tions in ileum region and aorta of both groups 
were the same, respectively. 

Specific activities of plasma free and esteri- 
fied cholesterol as a function of time after fed 
labeled meal, are plottd in Fig. 1. Growth of 
activity in free and ester cholesterol fractions 
of plasma of cortisone injected rabbits pro- 
ceeded at different rates from that of the un- 
treated. In the latter, free and ester choles- 
terol specific activity rose with successive 
blood samples during experimental period. In 
cortisone injected rabbits ester cholesterol 
specific activity was high in the 6-hour blood 
sample, and fell precipitously between 10 and 
24 hours, while at the same time the specific 
activity of free cholesterol rose only slightly. 


fokbe EES TERECHO! 
__ FREE "' 


CPM/MG oF STEROL 


HOURS 
FIG. 1. Plasma free and esterified cholesterol spe- 
cifie activity-time relations after fed 1 g cholesterol 
meal containing 10 ye cholesterol-4-C“, Untreated 
(@), cortisone (QO). 
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TABLE II. Specific Activities (epm/mg) of Free and Esterified Cholesterol in Tissues of Cholesterol- 
Fed Rabbits 48 Hr after Ingestion of Meal Containing Cholesterol-4-C™. 


———— lleum—___, -—Aorta—, ———Plasma-———, y—— Liver ———__,, 

Groups IDO ee: E.C EC Lae F.C. E.C F.C E. C 

Not treated 852t 1702 107 666 929 608 700 
(444-1046) (1006-2250) (61-147) (339-965) (468-1332) (317-915) (347-1269) 

Cortisone 561 756 71 418 611 ; 400 353 
treated t (312-792) (374-952) (53-84) (327-637) (346-701) (287-476) (238-420) 


* F.C. = Free cholesterol; E.C. = Ester cholesterol. 


¢ See text. 


In cortisone injected rabbits 2 days after 
feeding labeled cholesterol meal, specific ac- 
tivity of free and esterified cholesterol frac- 
tions in ileum region, liver, plasma, and aorta 
free cholesterol specific activity were lower 
than specific activity values of respective 
cholesterol fractions in untreated animals. A 
trace C't-activity was found in aorta ester 
cholesterol of the 2 groups (Table IT). 

Discussion. These results showed that the 
behavior of ingested cholesterol was modified 
in cortisone injected, cholesterol-fed rabbit 
compared to the untreated animal. Studies 
are in progress to elucidate the mechanism of 
action of cortisone upon influx of dietary cho- 
lesterol. It is not certain whether cortisone 
caused changes in removal and catabolism of 
cholesterol ingested by the rabbit, and/or al- 
tered the biosynthetic rates of endogenous 
cholesterol. Either one or the combination of 
these altered states of cholesterol metabolism 
could account for the findings in the C'-activ- 
ity data. Several possible mechanisms of cor- 
tisone inhibition of experimental cholesterol 
atherosclerosis have been postulated—change 
in serum macromolecular lipoproteins(1), al- 
tered cholesterol: phospholipid ratio and effect 
of cortisone on tissue permeability(3), and a 
role of elevated neutral fat in serum(2). All 
these were suggested on the basis of inhibited 
atherosclerosis correlated with some ‘“exagger- 
ated” quantitative chemical finding in blood of 
long-term cortisone treated, cholesterol fed 
rabbits. The findings of this experiment are 
suggestive of cortisone exerting control upon 
some aspect of cholesterol metabolism. 
Whether there exists a close relationship be- 
tween role of cortisone and inhibited develop- 
ment of atherosclerosis in rabbits needs to be 


+ Mean and range of values of group. 


studied. 

Summary. The fate of a cholesterol meal 
containing 10 pc of cholesterol-4-C' was 
compared in untreated and cortisone treated, 
cholesterol-fed rabbits on their regime for 14 
days. Plasma free and ester cholesterol speci- 
fic activity were followed during 48 hours 
after the fed labeled cholesterol meal, and 
then animals were killed. Terminal concen- 
trations of free and ester cholesterol in plasma 
and in liver of cortisone treated, were sig- 
nificantly lower than the respective values in 
untreated. The free and ester cholesterol 
specific activity of plasma, liver, ileum and 
aorta of cortisone treated were 40-60% lower 
than that of untreated animals. It was con- 
cluded that cortisone injection of cholesterol- 
fed rabbits caused a change in behavior of 
ingested cholesterol. Further studies will be 
necessary to elucidate the mechanism of corti- 
sone action. 


Technical assistance of Frank Szematowicz and 
Muriel Dury is gratefully acknowledged. 
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Dietary Protein and Serum Electrophoretic Patterns of the Adult Rat.* 
(24802) 


HENRY E. WEIMER, Rospert T. BELL AND Hisako NISHIHARA 
(Introduced by Charles M. Carpenter) 
Dept. of Infectious Diseases, School of Medicine, University of California Medical Center, 
Los Angeles 


Since the introduction of the moving boun- 
dary method of electrophoresis, a number of 
studies concerned with effects of protein level 
of the diet on concentration and distribution 
of serum proteins have been made. Due to 
volume of serum required, individual meas- 
urements have been limited to a great extent 
to man and the dog(1,2) and studies with rats 
were of necessity on pooled samples(3,4). 
Development of filter paper electrophoresis 
has made possible analyses on individual se- 
rum samples from small animals. 


In the present investigation, the effects of 
inanition, acute and chronic protein depletion, 
and of repletion with several levels of protein 
on the partition of serum proteins have been 
determined in adult rats. 


Methods. Male, Sprague-Dawley rats were 
housed singly in suspended type wire cages 
with wire bottoms and maintained on a diet of 
Purina Laboratory Chow and tap water, ad lib. 
until initiation of the study. Blood samples 
were obtained by cardiac puncture under light 
ether anesthesia. To avoid effects of repeated 
bleedings(5) each animal was bled only once. 
Normal. The group was composed of animals 
maintained under conditions described above. 
Inanition. Food was withheld from rats until 
they had lost 25% of their original weight. 
Drinking water was available at all times. 
Acute depletion.t The rats were fed the pro- 
tein-free diet previously described(6) until 
they had lost 25% of original weight. Chronic 
depletion.t The diet contained 2% casein, 
69% starch, 10% vegetable oil, 4% salt mix- 
ture (U.S.P. XIV), 14% alphacel (cellulose) , 
1% cod liver oil, and vitamin diet fortification 
mixture which was incorporated into the pro- 


* Supported in part by research grant from Nat. 
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tein-free diet(6). The diet was fed until a 
25% weight loss was attained. Repletion. 
Animals were depleted by feeding either the 
protein-free diet or the 2% casein diet until a 
25% weight loss was attained. They were 
then repleted by feeding either the stock diet 
of ground Purina Laboratory Chow (25% pro- 
tein,(7)) or a purified diet. The purified diett 
contained 10% vegetable oil, 4°% salt mixture 
(U.S.P. XIV), and the vitamin diet fortifica- 
tion mixture(6). The contents of casein and 
starch were adjusted to yield the desired pro- 
tein level. All diets were fed ad lib. The 
rats were bled after they had regained their 
original weight. Chemical and hematologic 
determinations. ‘Total serum protein, hemo- 
globin, and hematocrit values were deter- 
mined by methods previously reported(5). 
Electrophoretic analyses were performed in a 
Durrum type, Spinco, Model R apparatus. 
Duplicate separations on 0.01 ml serum sam- 
ples were carried out for 16 hours at 5 Ma in 
veronal buffer, pH 8.6, ionic strength 0.075 on 
Whatman 3 MM paper strips. The strips were 
dried in an oven at 115°C for 30 minutes then 
dyed with bromphenol blue. The relative 
amounts of protein in the fractions were de- 
termined by use of an integrating photometric 
scanner (Analytrol). Absolute concentrations 
were estimated by reference to total serum 
protein levels. Analysis of the data was made 
by standard statistical procedures, employing 
the ¢ test(8). 

Results. General and hematologic data are 
presented in Table I. The effects of rate of 
weight loss on plasma volume were demon- 
strated by the hematocrit data for the de- 
pleted groups. The most rapidly depleted 
group, B, exhibited hemoconcentration, the 
2% casein group, D, hemodilution, while the 
protein-free group, C, had values in the normal 
range. All repleted groups showed varying de- 
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TABLE I. General and Hematologic Data. 


Initial 


Hemoglobin 


Repletion Repletion Hematocrit 
time (days) 


Depletion 


Depletion 


(g %)t 
14.3 + .19 
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Statistically significant differences from normal values are indicated: 


t Including the stand. error of the mean. 


grees of hemodilution. The observations were 
in accord with earlier studies(1) which dem- 
onstrated that alterations in plasma volume 
may accompany depletion and _ repletion. 
Relative concentration changes of the serum 
fractions, however, were of such magnitude 
that only in a few cases were they masked by 
the fluctuations in plasma volume. 

The results of electrophoretic analyses are 
summarized in Table II. All depletion regi- 
mens caused significant decreases in the albu- 
min, a;- and ay-globulin fractions. Starvation 
and acute depletion also elicited significant de- 
creases in concentrations of 6-globulin con- 
comitant with increases in the y-globulin frac- 
tion. All the depletion diets, however, had 
the same relative influence on loss of albumin 
and serum globulins as shown by the similar- — 
ity of the A/G ratios. 

Repletion with the 8% casein diet follow- 
ing acute depletion restored the albumin, a2- 
and £-globulin fractions to normal. A higher 
level of dietary protein, 17%, was required to 
restore the a;-globulins. With the exception 
of the 8% protein, all other purified diets were 
not only adequate to restore total serum pro- 
tein levels to normal, but elicited significant 
increases. The 17% casein diet was the best 
balanced for restoration of the serum proteins 
as measured by maximum increase of serum 
values over depletion levels. Comparative ef- 
fects of acute and chronic depletion on capa- 
city to respond to a standard diet are shown 
by the results of groups Fl and F2. Although 
the weight loss in each group was identical, 
the chronically depleted rat was unable to re- 
spond to the same extent during repletion. 
The major divergences were in ay-globulin 
and total serum protein values. The increased 
A/G ratios for groups F1 and F2 suggested 
that repletion on a diet of natural products 
(7) promoted regeneration of serum albumin 
to a greater extent than a purified diet of 
similar protein content, E3. 

The current studies have demonstrated that 
in the rat, components of the globulin fraction 
are more affected by protein depletion than 
the corresponding fractions of man and the 
dog(1,2). Diets with a protein content of 
17% have been found to be adequate for re- 
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TABLE II. Effects of Protein Depletion and Repletion ou the Partition of Serum Proteins in 
the Adult Rat. 


Total serum 


protein Albumin 
Group 
A. Normal 5.8 +.04 20 +.03 1.5 + 
Depleted 
B. Inanition 9.1 +.02 17+.05t 1.3 
C. Protein-free 49 +.06+ 1.7 +.02t 3 
D. 2% casein 49.07 1.7+.04t 1.3 
Repleted 
El. 8% easein d.0 +.07t 2.0 +.05 nes} 
E2. Lg, ag 6.4+.08t 2.24+.04t 1.5 
E3. 27% ” 6.0 +.06* 2.0 +.06 iT 
E4. 40% ; 6.2+.08t 22+.06t 1.6 
E5. 64% ” 6.1+.07t 2.1 +.07 1.5 
Fl. Stock 6.1 +.06t 2.3+.06¢ 1.5 
F2 7 5.8 +.07 2.3 +.06¢ 1.5 


(2 %) ——_ 


I+ I+ It 


+ I+ I+ Ht It I+ It 


Globulin—-----—-——__, 
ay p Y 

on A/G ratio 
03 .P 4:08 1d-e0e- 60.09. 8 ole 
O4t 5 +.08t 9 +.08f .7 +.08+ .50 +.017 
O3t 56 +.02t 9 +.02t .6+.08* .53 +.010 
O8t 4+.02t 1.04.05 .5 +.04 038 +.015 
O7t 64.03 114.04 .5 +.02 57 +.021 
06 8 +.04 1.3 +.05t .6 +.05 55 +.018 
O5t .7+.04 11+.04 .5 +.03 .00' +.023 
06 .7+.04 1.24.03 55 +.04 05 +.020 
05 8+.04 1.24.03 .5 +.05 52 +.029 
04 74.04 1.1+.04 5 +.04 61 +.030t 
06 5 +.04t 11+.05 .4+.03* .66 +.071t 


Findings include stand. error of mean, 


Statistically significant differences from normal values are indicated: 


storation of the serum proteins in the adult, 
male rat following acute depletion. It may 
also be inferred from the data, that the 
marked increases in the a- and 6-globulin con- 
centrations observed in many pathologic con- 
ditions are not the result of reduced protein 
intake. The greater lability of the serum pro- 
teins of the adult rat to dietary influences sug- 
gests that they might be more sensitive indi- 
cators of nutritional states than those of man 
or the dog(1,2). 


Summary. The effects of inanition, acute 
and chronic protein depletion and of repletion 
with several levels of protein on distribution 
of serum proteins in the adult rat have been 
investigated by filter paper electrophoresis. 
Decreases in the albumin, a;-, a2- and £-globu- 
lin fractions were observed following deple- 
tion regimens. Purified diets containing 17% 
or more of casein not only restored all values 
to normal, but elicited significant increases 
in total serum protein concentrations. A dif- 
ferential response of the as-globulin fraction 


upon repletion occurred between groups pre- 
viously subjected to acute and to chronic de- 
pletion. Significantly increased A/G ratios 
were found in groups repleted with a diet of 
natural products. Rate of depletion was 
found to exert a pronounced effect on hema- 
tocrit values. 
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Effects of Some Fixatives on Inclusion Bodies of Infectious Bovine 


Rhinotracheitis.* 


(24803) 


J. G. Stevens AND T. L. Cuow (Introduced by Rue Jensen) 
Agric. Exp. Station, Colorado State University, Fort Collins 


Early workers reported that inclusion bodies 
were not observed in respiratory epithelial 
cells of cattle infected with infectious bovine 
rhinotracheitis (IBR) virus(1). Later, other 
investigators stated that the virus initiated de- 
velopment of intranuclear inclusions both in 
tissue cultured cells and in necropsy material 
from infected animals(2). Both laboratories 
used a hematoxylin and eosin (H & E) stain, 
but the early group fixed their preparations in 
neutral buffered formalin while the later work- 
ers used Zenker’s fluid for cells derived from 
infected animals, and Bouin’s fixative on cells 
obtained from both sources. Because of con- 
flicting results obtained with different fixa- 
tives, it seemed desirable to determine the ef- 
fects of some commonly used fixing agents 
and their ingredients on appearance of inclu- 
sion bodies induced by IBR virus in infected 
tissue cultures. 

Material and methods. Light microscope 
examinations were made on primary mono- 
layer tissue cultures of trypsinized bovine kid- 
ney epithelium which had previously been ex- 
posed to IBR virus (Cooper strain first iso- 
lated by TLC from, feedlot outbreak of IBR 
in Colorado in 1956). Cultures were prepared 
essentially by the method of Youngner(3), 
and grown in medium consisting of T.C. 199 
(Difco) plus 10% IBR antibody free bovine 
serum (obtained aseptically from newborn 
calves that had received no colostrum). Two 
hundred units of penicillin and 200 pg of 
streptomycin were incorporated into each ml 
of growth medium. Cells were seeded in one 
ml amounts (6 x 10° cells/ml) into 16 x 125 
mm pyrex screw capped test tubes, each tube 
containing 7 x 22 mm number one coverslip. 
With no media changes, a satisfactory mono- 
layer usually developed on the coverslip after 
approximately 6 days’ incubation at 37°C. 
When coverslip cultures were ready for use, 


* This project was supported in part by Agricultur- 
al Research Service, U. S. Dept. of Agriculture. 


the growth medium was poured off, the slips 
washed with fresh media, and the tubes di- 
vided into 2 groups. Into each tube of one 
group (controls) one ml of new culture me- 
dium was placed, while the second group (in- 
fected) received 10%? TCID;9 of IBR virus 
incorporated into 1 ml of same medium. All 
cultures were then incubated at 37°C. Our 
previous work has shown that intranuclear in- 
clusion bodies in infected cells prepared by 
these methods can best be demonstrated at 20 
to 24 hours after inoculation of virus. When - 
infected cultures had been incubated for this 
period, and examination of a representative 
infected coverslip under low power revealed 
typical cytopathological effects, all coverslips 
were removed from the tubes, washed with 
warm physiological saline, treated with de- 
sired fixatives, and stained with Harris’ hema- 
toxylin (pH 2.6) and an acetic acid-ethyl 
alcohol-eosinY solution (pH 4.4). 


Results. Initially, a comparative study of 
some commonly used fixatives was under- 
taken. Since Bouin’s fluid followed with H 
and E stain was known to demonstrate inclu- 
sions in tissue culture, while neutral buffered 
formalin had not shown them in tissue sec- 
tions of respiratory epithelium of infected 
animals, these 2 fixatives were compared. 
Fixatives also included were absolute ethyl 
alcohol, absolute methyl alcohol, Carnoy’s 
fluid, and acetone. 


Bouin’s fixative demonstrated many eosino- _ 
philic to amphophilic inclusions of slightly 
varying density. Many were small, some mul- 
tiple in individual nuclei, some were sur- 
rounded by a distinct halo, and many (in late 
stages of infection) filled the entire nucleus. 
Chromatin material and nucleoli were aggre- 
gated into clumps and strands, and underwent 
margination as cellular infection progressed 
(Figs 2)3 

No inclusions were demonstrated with the 
use of neutral buffered formalin. Cells of the 


FIG. 1. Uninfected cells fixed with Bouin’s fluid. 
FIG. 2. Infected cells fixed with Bouin’s fluid. Nueleoli and chromatin material are clumped 
and marginated, and intranuclear inclusion bodies are prominent. 

FIG. 3. Uninfected cells fixed with neutral buffered formalin, Cellular and nuclear definition 
are relatively poor. 

FIG. 4. Infected cells fixed with neutral buffered formalin, Nucleoli and chromatin material 
are clumped and marginated, but no intranuclear inclusion bodies are discernible. 


(All fields are of bovine kidney monolayers stained with H and E and photographed at 
560 X.) 
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TABLE I. Microscopic Observations of IBR Inclusion Bodies in Bovine Kidney Epithelial Tis” 
sue Cultures Treated with the Constituents of Bouin’s and Zenker’s Fixatives and Stained with 
pene ee SN oe” A GE eee 
Comparative No. and appearance ” 
Chemicals used as fixatives pH of inclusions 


1. Constituents of Bouin’s fluid 
a. Stock Bouin’s 1.3. Many eosinophilic to amphophilic well de- 
fined inclusions, sometimes multiple in in- 
dividual nuclei 
b. Saturated aqueous picrie acid rou None 
ec. Bouin’s with water in place of formalin 1.5 Many inclusions, same appearance as with 
stock Bouin’s fixation 
d. Bouin’s with sodium acetate in place 5.7 Few amphophilic to basophilic, indistinct 
of acetic acid (same ionic strength) inclusions 
e. Bouin’s titrated to pH 11 with 4N so- 11.0 None 
dium hydroxide 
f. Bouin’s with no acetic acid 1.5 
g. 5% acetic acid in water Be) 


” 


” 


bo 


Constituents of Zenker’s fluid 


a. Stock Zenker’s 2.2 Few less inclusions than Bouin’s, but sim- 
ilar appearance 

b. Stock Helly’s fluid 4.5 None 

e. Zenker’s without acetic acid 3.4 % 


d. Zenker’s with hydrochloric acid (dilute) 2.0 Very few, small inclusions 
in place of acetic acid 


e. Zenker’s with sodium acetate in place 5.7 None 
of acetic acid (same ionic strength) 
3. Formalin plus 5% acetic acid 2.2 Very few, indistinct inclusions 


type that had demonstrated inclusions when Cells treated with Bouin’s, however, demon- 
fixed in Bouin’s fluid showed only aggregated strated a few more inclusions. 
and marginated chromatin, and displaced, The constituents of Zenker’s and Bouin’s 
marginated nucleoli after formalin fixation fluids were employed separately in an attempt 
(Fig. 4). General cellular definition was to evaluate the effects of each. Formalin 
poor with this fixative, and tinctorial charac- combined with acid, and formalin with mor- 
teristics varied from cell to cell. danting agents of Zenker’s and Bouin’s was 
Absolute ethyl alcohol, absolute methyl al- also studied. The chemicals used, and the 
cohol, and acetone yielded very few inclusions, comparative results observed appear in 
but these were lighty stained and indistinct. Table I. 
Cells fixed with Carnoy’s fluid showed inclu- Discussion and conclusions. Microscopic 
sions, but they were inferior in number and observations of tissue cultured cells infected - 
distinctness to those treated with Bouin’s fixa- with IBR virus, fixed by various reagents, and 
tive. The contrast between cellular basophilic stained with H and E led to the following con- 
and eosinophilic elements was more pro- clusions: 1. Bouin’s and Zenker’s fluids were 
nounced after fixation with Carnoy’s fluid, but superior to either formalin, ethyl alcohol, me- 
there was extreme-shrinkage of many cells thyl alcohol, Carnoy’s fluid or acetone in dant 
and nuclei. onstrating IBR inclusion bodies. Bouin’s, 
Zenker’s, an acid fixative (pH 2.2) with however, was slightly superior to Zenker’s in 
mordanting agents (bichloride of mercury number of inclusions demonstrated. 2. For- 
and potassium dichromate) was then com- malin, in combinations tested, is of no value. 
pared to Bouin’s which is similar in nature Neutral formalin, acid formalin, Helly’s fixa-. 
(pH 1.3 and mordanting agent picric acid). tive and picric acid with formalin did not 
Infected cultures treated by each of these so- show inclusions. Effects of constituents of 
lutions were almost identical in appearance. Bouin’s fluid without formalin were identical 
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to those of stock Bouin’s. 3. Highly acidic so- 
lutions of mordanting agents in water without 
acetate ions do not demonstrate inclusions. 
Use of picric acid and water alone, and bichlor- 
ide of mercury and potassium dichromate plus 
HCl and water demonstrated the need for ace- 
tate ions. 4. Limited experimentation with pH 
variations indicated that mordants with ace- 
tate ions at pH values somewhat higher than 
stock fixatives, are probably ineffective. Com- 
paratively poor results obtained with Bouin’s 
fluid at pH 5.7, and negative results with 
Bouin’s at pH 11 and Zenker’s fixative at pH 
5.7, support this statement. However, Bouin’s 
fluid at pH 11 had a high ionic strength, and 
Was warmed to maintain solubility. 5. Ace- 
tate ions in aqueous or formalin solution at 
low pH without mordants is of little value. 
This conclusion is indicated by inability of 
acetic acid in water, and acetic acid in for- 
malin to demonstrate many inclusions. 6. 
Aqueous solutions of mordants without ace- 
tate ions do not demonstrate inclusions. Sat- 
urated aqueous picric acid alone, and bichlor- 
ide of mercury plus potassium dichromate in 
aqueous solution failed to reveal any inclu- 
sions. Therefore it appears that a highly 
acidic fixative with acetate ions and a mor- 
danting agent is necessary for best demonstra- 
tion of IBR inclusion bodies in tissue cultured 
cells. 
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Any explanation of the phenomena noted 
must necessarily await a more complete in- 
vestigation of physical and chemical variables 
of the fixatives (effects of various fixation 
times, ionic strengths, and other substituted 
ions in particular), and a determination of the 
chemical nature of inclusion bodies. Coupled 
with conclusions of previous workers(1,2) this 
study indicates a similarity, both in vitro and 
in vivo, of the effects of fixatives on IBR in- 
clusion bodies. 

Summary. Primary bovine kidney epi- 
thelial cells grown in tissue culture monolayers 
were infected with infectious bovine rhino- 
tracheitis virus, treated with various common 
fixatives, and stained with hematoxylin and 
eosin. Of fixatives used, Bouin’s and Zenker’s 
gave the best demonstration of characteristic 
intranuclear inclusion bodies. Further work 
with components of these 2 fluids indicated 
that for best demonstration of inclusions, a 
highly acidic fixative containing acetate ions 
and a mordanting agent is needed. 


1. Jensen, Rue, Griner, L. A., Chow, T. L., Brown, 
Wires, cerecaU. Sq Is. Aa 1955", v59,, 189: 

2. Cheatham, W. J., Crandell, R. A., Proc. Soc. 
Exe. Brot. AND MEp. 1957, v96, 536. 

3. Youngner, J. S., zbid., 1954, v85, 202. 


Received February 26, 1959. P.S.E.B.M., 1959, v100. 


Elevation of Plasma Fibrinogen Following Lymphosarcoma Tissue 


Injections in Rats. 


(24804) 


H. D. Wycorr, Jutia AGEE AND JANIs Parsons (Introduced by W. Knowlton Hall) 
Dept. of Biochemistry, Medical College of Georgia, Augusta 


Bacterial diseases, virus diseases, trauma 
and cancer generally produce elevation of 
plasma fibrinogen level. The basic cause of 
the phenomenon has not been extensively in- 
vestigated but most observers appear to agree 
with Foster and Whipple(1) that dead tissue 
or nonspecific (aseptic) inflammation is re- 
quired to produce the elevation(2). The pres- 
ent paper is concerned with our observation 
that subcutaneous injection of cancer tissue 


homogenates or suspensions will cause eleva- 
tion of plasma fibrinogen, whereas injection 
of similar preparations of a number of other 
tissues will not do so. 

Methods. Young adult Carworth-Wistar 
female rats from Carworth Farms were used, 
and maintained on Purina dog chow and water 
ad lib. in individual cages. The Murphy- 
Sturm lymphosarcoma was used. It was car- 
ried by subcutaneous transplantation in the 


860 


same rat strain. To transplant the tumor, ap- 
proximately 2 g of tumor tissue was pressed 
in a screen in 20 ml of sterile, pyrogen-free 
physiological saline. The tissue was sliced 
from peripheral regions of actively growing 
tumors. The tumors selected were large but 
had not yet reached proportions to interfere 
seriously with activity of the rats. The ne- 
crotic areas which occur inside of these tumors 
were avoided in collection of tissue for trans- 
plantation or for experimental purposes. One 
ml of tumor suspension in saline was injected 
subcutaneously to transplant the tumor. A 
new tumor appeared in 7 to 10 days. This 
grew rapidly and killed the animal in 20 to 
30 days. If the tumor suspension was injected 
intraperitoneally, the animals developed leu- 
kemia and died in 10 to 15 days. Over 90% 
of all rats injected either way died from ef- 
fects of lymphosarcoma. Non-viable tumor 
suspensions can be prepared readily by blend- 
ing the mixture in a Waring Blendor for a 
few minutes. Homogenates of various tissues 
were prepared by blending them in physiologi- 
cal saline in the proportion of 5 g of tissue/ 
100 ml of saline. Erythrocytes were laked in 
pyrogen-free water by adding 7 ml of water 
to 1 ml of cells and waiting at least an hour. 
Plasma fibrinogen levels were determined on 
blood obtained by heart puncture under ether 
anesthesia. The assay procedure was as pre- 
viously published(3), briefly 0.5 ml of blood 
is centrifuged; 0.1 ml of plasma is mixed with 
2 ml of a thrombin solution; the clot is col- 
lected, washed in water, alcohol, and ether, 
then dried and weighed on microchemical bal- 
ance. In some experiments fibrin was digested 
with sulfuric acid and hydrogen peroxide and 
the resulting ammonia-nitrogen determined by 
direct nesslerization. Amount of fibrin was 
then found by multiplying the ammonia-nitro- 
gen by the factor 6.25. The 2 methods gave 
indistinguishable results on plasma from ani- 
mals with normal or with elevated fibrinogen 
levels. 


Results. | Murphy-Sturm lymphosarcoma 
tissue contains a substance which causes a 
sharp rise in plasma fibrinogen level in rats 
within 24 hours after injection of tumor sus- 
pension. Curve A (Fig. 1) illustrates typical 
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FIG. 1. Fibrinogen level following subeut. inj. of 
viable (A) and non-viable (B) tumor preparations. 


changes in plasma fibrinogen level that ac- 
company subcutaneous transplantation of the 
tumor and its subsequent growth. After the 
first day, the fibrinogen level drops slowly un- 
til shortly after the tumor is palpable and sub- 
sequently increases progressively as the tumor 
grows until the animal dies. 

Tumor suspensions prepared by blending 
the tissue in Waring Blendor also caused a 
sharp rise in plasma fibrinogen level during 
first day after injection. Such suspensions do 
not produce a tumor and there was no rise in 
plasma fibrinogen level during third week in 
these rats as shown in curve B (Fig. 1). 

When the tumor suspension is given intra- 
peritoneally, the response resembles that from 
tumor homogenate except that the initial in- 
crease on first day is less marked. These ani- 
mals, when near death, show symptoms of 
hemorrhage about eyes and nose and often 
have plasma fibrinogen levels below normal. 
This may result from loss of plasma internally 
followed by dilution of that in the vascular 
system. 

Data in Table I show that only slight in- 
creases in plasma fibrinogen were observed 
after injection of homogenates of a number 
of normal tissues. Even liver tissue from a 
rat which had been refrigerated for 10 days 


after death (autolyzed rat liver in Table I). 


Pa 
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caused only a modest increase. Fibrinogen 
assays were also run on third and fifth days 
after injecting these tissue homogenates, but 
no significant elevation was noted. The only 
normal tissue that caused plasma fibrinogen 
level to rise was the adrenal gland. However, 
adrenal homogenate caused extensive slough- 
ing of skin about the point of injection, which 
probably accounts for prolonged elevation of 
fibrinogen level, extending through the fifth 
day. 

The active principle in tumor homogenate 
is associated with relatively large particulates. 
Activity of supernatant is reduced but slightly 
by centrifugation at 5,000 G for 30 minutes 
in 8% sucrose solution, whereas centrifugation 
for 30 minutes at 57,000 G removed the fac- 
tor. 

The fibrinogen elevating factor in lympho- 
sarcoma homogenates is stable in the physio- 
logical pH range for long periods under re- 
frigeration and activity is retained after freez- 
ing tissue or homogenates. However, it is 
destroyed by heating at 100°C or by exposing 
it to very high or very low hydrogen-ion con- 
centration. 

Elevation of plasma fibrinogen is often as- 
sociated with fever. Shear and his group have 
isolated a lipo-polysaccharide from tumor tis- 
sue that is quite active as a pyrogen. Dr. 
Shear kindly supplied us with a sample iso- 
lated from mouse adenocarcinoma 241-6 and 
the results of some of our tests are presented 


TABLE I. Effect of Subcutaneous Injections of 
Various Tissues on the Plasma Fibrinogen Level. 


Increase in 
plasma fibrino- 


No. rats gen in 24 hr* 


Tissue treated (mg/100 ml) 
Human erythrocytes 6 53 + 40 
Rat “i 6 100 + 40 

v1 plasma 3 42 + 36 
Autolyzed rat liver ho- 5 47 24 
mogenate 
Rat spleen homogenate 3: 52 + 24 
” muscle < 3 82 + 26 
” adrenal 4 9 199 + 19 
Murphy-Sturm lympho- | 207 + 54 


sarcoma homogenate 


* Mean increase plus or minus stand. dev. caleu- 
lated from paired values before and after inj. for 
each rat. 
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in Table I. 


TABLE IT. Effect of Intravenous Injection of 
Shear’s Tumor Polysaccharide on Plasma Fibrino- 


gen Level. 


Increase in plasma 


The material caused a definite 


Dose fibrinogen in 24 hr* 
(ug/kg body wt) (mg/100 ml) 
.0 (.2 ml saline) 5+ 19 
6 34+ 17 
6 115 + 70 
70 159 + 14 
700 156 + 35 


* Mean increase plus or minus staud, dev. caleu- 
lated from paired values before and after inj. for 
each rat. 
increase in plasma fibrinogen level of rats 
when 1-2 wg was injected intravenously/rat. 
This dose is of the same order of magnitude 
as that required for a pyrogenic or tumor- 
hemorrhagic response with this material (4). 

Discussion. ‘These results show that there 
is a substance in tumor tissue that causes ele- 
vation of plasma fibrinogen level when in- 
jected into animals. This substance is appar- 
ently identical with or closely associated with 
pyrogenic or tumor-necrotizing polysaccharide 
isolated from cancer tissue by Shear and his 
coworkers. 

Elevation of plasma fibrinogen level is such 
a common response to injury or disease that 
it may well be that there is a common under- 
lying mechanism which can be triggered by a 
variety of insults to the body. Landy and 
Shear(5) suggested that damaged tissues re- 
lease endogenous polysaccharides into the cir- 
culation and that these cause the complicated 
physiological changes which follow injury or 
infection. 

The problem is further complicated by the 
fact that the different responses to injury oc- 
cur at different time intervals after injury. 
Thus, leucopenia develops only a few minutes 
after injecting endotoxin and temperature ele- 
vation begins in 30 to 60 minutes(6) whereas 
the plasma fibrinogen level is unchanged (or 
even depressed) for several hours after in- 
jecting pyrogen(7). 

An investigation of the mechanism underly- 
ing the elevation of the plasma fibrinogen level 
after injury or disease is in progress. 
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A previous communication reported that 
asparagine was essential for growth of the 
Jensen sarcoma in vitro(1). The asparagine 
requirement could be spared by addition of 
large amounts of aspartic acid (10-20 mM), 
but glutamic acid and glutamine were inef- 
fective. During asparagine depletion-reple- 
tion experiments, some Jensen cells were ob- 
served growing in absence of asparagine. The 
present report describes development of 2 such 
nutritional variants of the Jensen sarcoma cul- 
tured in vitro. 

Methods. ‘Tissue culture technics have 
been described(2). Initial inoculum prepared 
from intramuscular implants of the tumor in 
Holtzman rats was 200,000 cells/ml (2 ml to- 
tal vol. in T-15 flasks). The medium was re- 
plenished at end of 48 hours incubation and 
as often as required thereafter. The substrate 
used was basal medium 5a(3), and growth 
was determined at specific time intervals by 
whole cell count. 

Results. When freshly excised Jensen cells 
were placed in an asparagine-deficient medium 
most cells became rounded and granular, and 
total cell population decreased rapidly. At 
end of 6-7 days of incubation, the number of 
surviving cells was usually less than 10% of 
initial inoculum. Some of the remaining cells 
were viable, since replacing the deficient sub- 
strate with the complete medium resulted in 
cellular proliferation. 

When asparagine-depletion experiments 
- * The authors wish to acknowledge technical assis- 


tance of Eugene Conway, Wilbur Whittle, and Bill 
Shirley. 


were extended beyond an 8-day period, the 
number of surviving cells continued to de- 
crease and very few viable cells remained. In 
one such experiment, a different cell type was 
observed in a flask when the experiment had 
been in progress for approximately 2 weeks. 
These cells were elongated and only slightly 
refractile. Upon continued incubation, no 
growth was apparent for another week, but 
after that time there was a definite increase in 
this particular cell type. As this strain (JA- 
1) continued to grow, the cells became more 
refractile and assumed a typical fibroblastic or 
spindle appearance. There was also a definite 
tendency to clump or form organoid-like col- 
onies. One month later the JA-1 strain was 
subcultured and rapid growth was observed. 
In another series of experiments, a second 
strain (JA-2) was developed, and the changes 
which occurred are recorded in Fig. 1. 

When JA-1 was implanted into the rectus 
femoris of female Holtzman rats, a tumor de- 
veloped but at a much slower rate than the 
Jensen sarcoma. The latency period was ap- 
proximately 3 weeks as compared to a 4-day 
latency for the Jensen tumor. 

At the end of 5 weeks, strain JA-1 was har- 
vested from the animal and subsequently 
transplanted into 4 additional rats. Nodules 
could be palpated after 2 weeks but these re- 
gressed after approximately 1 month. Two 
other attempts to transplant this strain from 
cells cultured in vitro failed, but a 4th try was 
successful. The period of tumor take was 
approximately 6 days, but once the tumor had 
become “established” growth rate was as 
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rapid as that observed for the Jensen sarcoma. 

Strain JA-2 could also be transplanted in 
vivo. The tumor latency of the first genera- 
tion was approximately 14 days, but this pe- 
riod became less upon subsequent transplan- 
tation. At the end of 8 transplant generations 
the period of tumor “take” was approximately 
6 days but growth rate in vivo was compar- 
able to the Jensen sarcoma. 

The comparative growth response of freshly 
excised Jensen sarcoma and strain JA-2 in 
presence or absence of asparagine can be seen 
in Fig. 2. In the absence of exogenous as- 


FIG. 1. Development of strain JA-2 of Jensen sar- 


coma. A, Jensen cells after 7 days in an aspara- 
gine- deficient medium; B, first appearance of some 
variant cells (see arrow) 16 days after inoculation ; 
appearance of the culture, C, 22 days; D, 28 days, 
and HE, 32 days after inoculation. (66 X.) 

paragine the viable cell population of the Jen- 
sen sarcoma markedly decreased. On _ the 
other hand, growth of strain JA-2 (in a com- 
plete medium or an asparagine-deficient sub- 
strate) was comparable to the Jensen sarcoma 
grown in complete medium 5a. Further, strain 
JA-2 grew in vitro in  asparagine-defi- 
cient media when removed from animals at 
various transplant generations (Table I). 
Similar experiments with JA-1 demonstrated 
that asparagine was not essential for growth 
of this strain. 
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FIG. 2. Comparative growth response of Jensen 
sarcoma and strain JA-2 to asparagine in vitro. 


Histological sections of the parent Jensen 
sarcoma, strains JA-1 and JA-2, were prepared 
from intramuscular implants. The tissues 
were fixed in Bouin’s solution and stained 
with hematoxylin and eosin. Examination of 
the Jensen sarcoma sections revealed the tu- 
mor was composed of sheets of neoplastic cells 
having comparatively abundant pale-staining, 
finely granular, neutrophilic cytoplasm and in- 
distinct cell membranes. There was moderate 
variation in cell and nuclear size. Nuclei ex- 
hibited single large nucleoli and coarse, deeply 
stained clumps of chromatin. The sheets of 
tumor cells were sparsely vascular and pre- 
sented zones of necrosis. The tumor actively 
invaded surrounding muscle isolating muscle 
fibers. 

TABLE I. Growth Response of Different Trans- 


plant Generations of Freshly Excised JA-2 Cells to 
Asparagine In Vitro. 


srowth in 4-5 days, 
- inoculum — 1 = 
In vivo transplant generation 
1 3,4 5 (aes 


4.25 3.71 9.75-1.96 4.46 5.36 


Complete medium 
da 
1) 


Minus asparagine 3.56 3.38 8.95 4.45 4.13 6.05 
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Strain JA-1 was more sarcomatous in ap- 
pearance. In general, the cells were smaller 
and in some areas were elongate exhibiting a 
tendency to fasciculate. The cells had scanty 
cytoplasm and the nuclei, although smaller, 
had the same morphologic characteristics as 
the Jensen sarcoma. JA-1 appeared to be 
less invasive and was partially surrounded by 
a delicate pseudocapsule of fibrous connective 
tissue. No such zone of connective tissue 
separated either the Jensen sarcoma or JA-2 
from the surrounding muscle. 

The most striking difference of JA-2 was 
its vascularity. Neither of the 2 preceding 
tissues was highly vascular. The JA-2 pre- 
sented numerous blood vessels throughout the 
tumor mass and extensive areas of hemor- 
rhagic necrosis. This necrosis was more 
marked in strain JA-2 than in the other tu- 
mors of similar size. Morphologically the 
JA-2 more closely resembled JA-1. This vari- 
ant was highly invasive, actively penetrating 
the muscle and isolating muscle fibers within 
the tumor mass. Mitotic activity per high 
powered field (1000X) appeared to be greater 
in JA-1 and JA-2 than in the parent Jensen 
sarcoma. This, however, may have been a 
function of cell size rather than a true increase 
in mitotic activity. 

Discussion. Nutritional variants of serially 
propagated cell cultures have been described. 
Some observers have reported strains which 
quantitatively differ in the requirement of, or 
tolerance for, certain substances of unknown 
molecular structure. For example, Puck and 
Fisher (4) reported that 2 strains of the HeLa 
(S; and S;) exhibited high plating efficiency 
in presence of a feeder system irrespective of 
high or low serum concentrations. In low 
amounts of serum but no feeder layer, S; ex- 
hibited a plating efficiency of practically zero, 
while plating efficiency of S; remained ap- 
proximately 100%. Similarly, Haff and Swim 
(5) and Swim and Parker(6) have reported 
the appearance of nutritional variants when 
the composition of the medium was altered 
with respect to serum and embryo extract. 

Chang(7) found strains of human cells 
which could utilize d(+-) xylose, d-ribose, or 
sodium lactate in lieu of glucose. Other re- 
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ports concerning qualitative nutritional dif- 
ferences between strains have to do with the 
meso-inositol and choline requirements. Chang 
(8) studied the inositol requirement of dif- 
ferent strains of HeLa which had been culti- 
vated in several laboratories and found that 
the essentiality of this vitamin varied from 
strain to strain. Further, the essential nature 
of inositol differed between a wild strain of 
conjunctival cell and a subculture of this 
strain grown in a low glucose medium. This 
difference also occurred between a stable lab- 
oratory strain and fresh explants of human 
amnion cells. In addition, he was able to de- 
velop an inositol-less conjunctival cell through 
deliberate selection in an inositol-deficient me- 
dium, but this variant degenerated after ap- 
proximately 6 months of cultivation. By using 
similar technics, Swim and Parker(6) isolated 
3 strains (U12-79, U12-80, and U12-82) 
which differed in their respective choline and 
inositol requirements. 


To date, JA-1 and JA-2 strains of the Jen- 
sen sarcoma have been grown in vitro for 23 
and 16 subcultures, respectively, and in vivo 
for 3 and 18 transplant generations, respec- 
tively. Both strains have retained the charac- 
teristic of growing in the absence of exoge- 
nous asparagine under tissue culture condi- 
tions. From a morphological standpoint they 
have not appeared to change and growth char- 
acteristics seemed to be consistent. 

These findings may have a more important 
bearing on the problem of mammalian cell nu- 
trition other than development or selection of 
nutritional variants. For example, if a 
freshly excised tissue is placed in a medium 
which does not contain all the essential nutri- 
ents for growth, any cells which do proliferate 
in such a system may represent nutritional 
variants from the original cell population. 
This may account for the remarkable similar- 
ity of the nutritional requirements of different 
mammalian cells cultured in vitro to date. 

Summary. Two nutritional variants (JA-1, 
JA-2) have been developed from Jensen sar- 
coma cells cultured in vitro. Cells of the pa- 
rental Jensen sarcoma required asparagine for 
growth, but those of the variant strains grew 
readily in the absence of exogenous aspara- 
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gine. This variation in nutritional require- 
ment has been retained in JA-1 and JA-2 for 
23 and 16 subculture generations in vitro 
and in 3 and 18 in vivo transplant generations, 
respectively. Thus, this change was stable 
and heritable under the conditions described. 
Some growth and histological characteristics 
of these variants were described. 
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Marked increases in serum ribonuclease 
(RNase) activity follow bilateral nephrec- 
tomy, hydronephrosis(1,2) or temporary liga- 
tion of the renal pedicles(3); and similar in- 
creases are also found in human renal disease 
(4,5). Further work(6) suggested that se- 
rum RNase is inactivated by kidneys, for only 
minor variations in serum enzyme activity 
were detected in dogs on which the ureter- 
venous anastomosis was performed bilaterally. 
A mechanism of inactivation agreeing with his- 
tological and physiological information ob- 
tained mainly with administered proteins (cf. 
7,10), and involving reabsorption of filtered 
RNase followed by inactivation by the tubu- 
lar cells was therefore suggested(6,11). It 
will now be shown that, fitting with above 
hypothesis, a marked correlation is found be- 
tween blood serum and kidney cortex RNase 
activities; further, that enzyme activity in- 
creases in the remaining kidney soon after 
unilateral nephrectomy. 

Material and methods. Male Wistar rats, 
weighing 150-300 g were used. Blood sam- 
ples of approximately .5 ml were taken from 
tail tips after warming animals at 37°C for 
10 min. Unilateral nephrectomy was per- 


* This work was supported by grants from Consel- 
ho Nacional de Pesquisas and The Rockefeller Fn. 


formed under ether anesthesia through a lum- 
bar approach. An equal number of left and 
right kidneys were removed. Sham operated 
animals were included in several experiments. 
After removal of kidneys, the capsule was 
stripped off, and slices less than 1 mm thick 
were made with razor blade. Half percent 
homogenates in .85% sodium chloride con- 
taining 4% (v/v) n-butanol were prepared 
with glass homogenizer and Teflon pestle and 
stored at 2°C. Preliminary experiments 
showed that the activities obtained with this 
medium(12) were higher than those of water 
homogenates. Part of the activity of homoge- 
nates, however, was still particle-bound, for 
it could be sedimented by centrifugation at 
5000 g for 15 min. Triplicate samples of 5 
pl serum or 50 pl of homogenates were as- 
sayed for RNase activity at pH 7.4 as previ- 
ously described(1,3). Results are expressed 
in optical density units after subtraction of 
appropriate blanks. In some experiments 
“alkaline” phosphatase activity was estimated 
in 5 pl samples of serum or 20 pl samples of 
kidney homogenates with disodium phenyl- 
phosphate as substrate(13). 

Results. Correlation between blood serum 
and kidney cortex RNase activities. Fig. 1 
shows results of 2 experiments in which 
31 rats were used. No significant difference 
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FIG. 1. Kidney cortex RNase activity against 
serum enzyme activity (optical density units). 
Each point stands for individual rat. Open and 
closed circles represent 2 different experiments. 


was found between results of the 2 experi- 
ments when separately analyzed by standard 
regression technics(14). A regression line for 
the whole data was therefore calculated. The 
95% limits for the regression coefficient were 
.91 and 1.37. The calculated correlation co- 
efficient was + .88. Fig. 1 also shows marked 
individual variability between intact animals, 
as previously noted(3,11). ‘When “alkaline” 
phosphatase was assayed in similar material, 
no significant correlation was found between 
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blood serum kidney cortex enzymatic activi- 
ties. 

Kidney cortex RNase in remaining kidney 
after unilateral nephrectomy. Table I shows 
that as early as 2 hours after nephrectomy, 
kidney cortex RNase activity increases sig- 
nificantly in the remaining kidney and re- 
mains elevated to 72 hours, the maximum 
time period studied. Differences between 
paired values were analyzed by the ¢ test. 
Data in Table I were gathered in several ex- 
periments on different occasions, so that no 
stress should be put on differences between 
values for various time-periods of nephrec- 
tomy. Possibly due to high individual varia- 
bility and relatively small number of animals 
studied, no temporal trend is discernible in the 
results. No significant difference in serum 
RNase activity before and after unilateral ne- 
phrectomy was found when at least 5 animals 
of each of the 50’, 2 hr, 4 hr, and 8 hours 
groups were sampled. No variations in “alka- 
line” phosphatase activity of the homogenates 
were found 4 hours after nephrectomy. 


Discussion. The above correlation between 
kidney cortex and serum RNase activity sug- 
gests a relationship between the two leading 
to at least 3 hypotheses: a) plasma RNase ori- 
ginates from the kidneys; b) kidney RNase is 
taken up from plasma, and c) plasma RNase 
comes from one or a number of tissue sources, 
whereas the kidney produces its own enzyme; 
there would be a parallelism between ability 
of tissues to produce serum RNase and that 
of the kidney cortex in manufacturing its en- 
zyme. 


Hypothesis a) does not seem tenable in 


TABLE I. Effect of Unilateral Nephrectomy on Kidney Cortex RNase Activity. 


RNase activity*— 


are Difference 
Treat- Time after No. of Control Remaining + stand. error 

ment nephrectomy animals kidney kidney of differences P. 
Sham-operatedt 27 164 + 65.7t 159 + 64.9% 50+ 3.2 .05 
Nephrectomy 50 min. 6 128 + 23.0 146 + 35.1 18.0 + 8.9 a 
2hr 6 150 + 40.5 LOIS: 35.3 41.0 + 10.0 .02 

4 11 139 + 74.4 208 + 66.7 69.0) =513°5 0OL 
8 5 227 + 58.0 282 + 32.0 07.0 6 13.1 .05 

22 9 191 + 40.0 306 + 49.7 114.7 + 14.5 001 
72 8 156 + 82.2 230 + 73.1 74.0 + 13.5 eM 


* Mean + stand. dev. 


{ Right kidney. 


t Including animals studied after several time periods. 
§ Left kidney. 


we 
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view of serum enzyme increases induced by 
bilateral nephrectomy(1); hypothesis b) is 
supported by data referred to in the introduc- 
tion; it could imply a biochemical similarity 
between kidney cortex and serum enzymes. 
The few data available permitting such a 
comparison(15,16) suggest that they share 
common properties. A high RNase activity 
in kidney “droplets” has been reported by 
Strauss(17,18); however, determinations were 
performed at pH 5.0, so that it cannot be as- 
sumed that the same enzyme is being assayed. 
It seems that the amount of reabsorbed 
RNase is proportional to blood enzyme levels 
—a reasonable assumption—and that a con- 
stant fraction of reabsorbed enzyme is inac- 
tivated. In that way serum-kidney cortex 
correlation would arise. Hypothesis c) gains 
no support from the literature and involves 
assumptions as yet unproved; it does not con- 
flict necessarily with hypothesis b). 

Should the second hypothesis be confirmed 
we would have a clear cut example of a tissue 
enzyme taken up from blood plasma. Whether 
a similar situation occurs in other organs or 
other kidney enzymes having a similar origin, 
should be tested. The “alkaline” phosphatase 
determinations suggest a different behavior 
from that of RNase. However, we found a 
marked lability in serum ‘‘alkaline” phospha- 
tase in sham-operated rats (unpublished) , pos- 
sibly influenced by hormonal mechanisms 
(19). This, together with the probably 
smaller glomerular clearance of the en- 
zyme, which would delay equilibration be- 
tween kidney cortex and plasma, may account 
for the difference. 

Increased kidney cortex RNase activity 
after unilateral nephrectomy may be ascribed 
to compensatory hyperfunction. As no signifi- 
cant changes were observed in blood serum 
RNase after that procedure, the increases in 
kidney enzyme could be the result of a higher 
load of filtered enzyme due to increased GFR. 
Alternatively, rate of athrocytosis could be 
increased in absence of other functional 
changes. 

Study of kidney cortex RNase under other 
experimental conditions is being undertaken. 
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It is suggested that this enzyme may serve as 
a useful endogenous biochemical indicator for 
study of “athrocytosis” by the kidney (cf. 
20). 

Summary. A marked correlation was found 
between kidney cortex and serum “alkaline” 
RNase activity in normal rats. The cortex 
enzyme increased in the remaining kidney 
after unilateral nephrectomy. It is suggested 
that the kidney cortex enzyme is taken up 
from blood plasma through reabsorption from 
the glomerular filtrate. 
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(24807) 


James A. Pircock, PHyLLis M. HarTROFT AND LEONARD N. NEWMARK 
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Groups of cells in the media of the afferent 
glomerular arteriole have attracted attention 
since they were initially described by Ruyter 
(1). Goormaghtigh proposed that these jux- 
taglomerular (JG) cells were the site of the 
pressor substance, renin(2). In addition to 
indirect evidence(3), studies of dog kidney 
coupled wtih assays of renin suggest this the- 
ory might be true but statistical data concern- 
ing the relationship are lacking(4). Recently 
a series of studies with the rat has shown 
changes in pressor activity (renin) of kidneys 
under a variety of experimental conditions 
which, as Gross pointed out (personal com- 
munication), parallel degree of granulation of 
JG cells under the same conditions. Pressor 
activity of renal extracts is increased in 
adrenalectomized rats and dogs(5,6), de- 
creased with high dietary intake of salt and by 
desoxycorticosterone acetate administration 
(7,8), and decreased in the contralateral kid- 
ney when the other renal artery is constricted 
(9). Similar studies have: shown parallel 
changes in granulation of JG cells(10,11,12). 
In addition, an increase in granulation of JG 
cells has been produced by dietary sodium de- 
ficiency(13,14). To extend these observa- 
tions, in the present experiment pressor activ- 
ity in kidneys of sodium-deficient animals has 
been measured and compared to granulation 
of their JG cells. 

Methods. Fourteen young (65-90 g) male 
rats of the Wistar strain were fed a semi-syn- 
thetic diet deficient in sodium but otherwise 
nutritionally adequate(15). Fourteen com- 
parable rats consumed the same amounts of 
diet to which 0.6% sodium chloride was 
added. After 6 months, the animals were 
killed and one kidney from each was taken for 
histologic study. It was fixed in Helly’s solu- 
tion, paraffin sections prepared and stained by 
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a modification of Bowie’s technic(16). De- 
gree of granulation of JG cells was estimated 
by a semi-quantitative procedure to obtain an 
index (JGI)(14). The higher the JGI, the 
more JG granules are present in the kidney. 
A saline extract was prepared from the other 
kidney by homogenizing the tissue with an 
equal volume of isotonic saline in a glass ho- 
mogenizer. The homogenate was centrifuged, 
the supernatant removed and assayed by the 
method of Gross and Sulser(17). Test rats 
were bilaterally nephrectomized one day prior 
to use. The femoral artery was cannulated 
and level of blood pressure measured with a 
mercury manometer. After control readings 
were obtained, 0.1 ml of a 1 to 50 dilution of 
the extract was injected into the opposite 
femoral vein. Animals with either very high 
or very low blood pressure readings during 
the control period were not used. The peak of 
the rise in level of blood pressure was usually 
obtained in 1 to 3 minutes. A correlation co- 
efficient between maximum pressure elevation 
and JGI was determined. 


Results. Kidneys of sodium-deficient ani- 
mals contained greater amounts of pressor ma- 
terial.(Avg. A P = 48mm, S.D, = 4 
than did control animals (Avg. A P = 24, 
S. D. = + 7) and in addition had more 
granules in their JG cells (Avg. JGI = 38, 
S..D. = + 16; cf. Avg. JGI for controls = 
13,5. D. = + 6). The relationship demon- 
strated in Fig. 1 shows that even within 
groups, the greater the number of granules in 
JG cells, the greater was the degree of pressor 
activity in extracts of these same kidneys. In 
the small range of overlapping values between 
the two groups, both JGI’s and degree of 
pressor activity overlapped. JGI correlates 
with pressor activity of the kidney with a co- 
efficient of 0.80, p<0.01. 

Discussion. These data strongly suggest 
that juxtaglomerular cells elaborate the 
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acyiviTy (mm Hg RISE?) 


PRESSOR 


1.00 150 2.00 
LOS JG 


FIG. 1. Graph showing correlation of pressor ac- 
tivity of renal extracts (renin) and degree of gran- 
ulation of juxtaglomerular cells (JGI). © sodium- 
deficient rats; @ control rats. p <.01. 
pressor substance, renin, and that the granules 
seen within them are either renin or a pre- 
cursor. Tobian ef al.(18) using similar meth- 
ods, found that when juxtaglomerular granu- 
lation decreased, so did extractable renin in 
kidneys of hypertensive rats (desoxycorticos- 
terone hypertension and “untouched kidneys” 
of rats with unilateral renal hypertension) 
and suggested the same conclusion. Such a 
suggestion supports the concept that renin 
may function as a trophic hormone for the 
zona glomerulosa of the adrenal cortex. This 
hypothesis is supported further by the follow- 
ing: JGI correlates with width of the zona 
glomerulosa under conditions of high and low 
dietary intake of sodium; JGI falls when min- 
eralocorticoids are administered; and hyper- 
plasia with hypergranulation of JG cells oc- 
curs when its (alleged) target organ, the 
adrenal, is extirpated. The observation of 
Deane and Masson(19) that renin produces 
thickening of zona glomerulosa is also per- 
tinent. This concept of the function of jux- 
taglomerular cells would explain how focal 
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circulatory and/or electrolyte disturbances 
within a kidney could influence mineralo- 
corticoid (aldosterone) secretion. 


Summary. Pressor activity (renin) and de- 
gree of granulation of juxtaglomerular cells 
(JGI) of kidneys from normal and sodium- 
deficient rats were measured. Pressor ac- 
tivity was increased in sodiuni-deficient ani- 
mals and correlated (r = 0.80) with degree of 
granulation of JG cells. 
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Precipitin Reaction Obtainable Between Human Serum and Extracts of 


Group A, Type 15 Streptococci.* 
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Irvington House, Irvington-on-Hudson, N. Y. and Dept. of Pediatrics N. Y. University College of 
Medicine 


Three different proteins, all antigenic, have 
been shown to be present on the surface of 
Group A streptococcal cell(1). Of these an- 
tigens designated respectively M, T, and R, 
only the M antigen has been demonstrated to 
be associated with virulence. Although it is 
possible to demonstrate antibody to type spe- 
cific M protein in post-convalescent human se- 
rum by several technics, most satisfactorily by 
the bactericidal test, it has not been possible 
by precipitation reaction with human serum 
to detect such antibody or antibody to any 
other defined streptococcal cellular compon- 
ent following streptococcal infection. Schmidt 
has recently reported development of anti-M 
precipitins following active immunization(2). 
This report describes a precipitin reaction ob- 
tainable between extracts of virulent (M pro- 
tein containing or so-called matt) strains of 
Group A, Type 15 streptococci and human se- 
rum; it also describes certain properties of the 
bacterial component. This reaction was first 
observed while testing a set of streptococcal 
typing sera (rabbit antisera) for both speci- 
ficity and potency with homologous and heter- 
ologous Group A streptococcal extracts. Ten 
human sera were initially tested in capillary 
precipitin tubes with each of the streptococcal 
extracts used to test the collection of typing 
sera. 

Materials and methods. Streptococcal typ- 
ing sera were made by the streptococcal lab- 
oratory of Communicable Disease Center of 
U. S. P. H. S., Chamblee, Ga. The large 
amount of Type 15 rabbit antiserum em- 
ployed (C.D.C. lot #20) was kindly supplied 
by Dr. Elaine Updyke. Normal rabbit sera. 
Serum for controls was obtained from 6 nor- 
mal rabbits. Sera were obtained from 100 pa- 


* This study was supported in part by grant from 
Rheumatic Fever Fn. of the 20-30 International. 
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tients known to have had rheumatic fever 
within preceding 5-year period, and from 35 
adult patients with a variety of disorders. 
Solid medium cultures were carried out on 
sheep blood agar, liquid medium cultures in 
Todd-Hewitt broth. Streptococcal strains and 
extracts. Four Group A, Type 15 strains were 
used for making extracts. These strains are 
designated T15/32/1 (Dr. F. Griffith’s T 15), 
T 15 glossy, D19/20/4, and D19/24 glossy.+ 
Three kinds of extracts of washed streptococ- 
cal cells were studied: A extracts, M extracts, 
and extracts of cell wall preparation. A ex- 
tracts are prepared by Lancefield’s method of 
heating suspensions of Group A streptococcal 
cells at pH2 in water bath at 100°C for 10 
minutes(3). M extracts were prepared by 
Lancefield’s method of repeated alcohol pre- 
cipitation of A extracts(4). Extracts-of cell 
wall preparation were made by heating an 
acid (pH2) suspension of cell wall material — 
at 100°C for 10 minutes. Preparation of cell 
walls of strain D19/20/4 almost completely 
free of intact cells was made by the method 
of Salton employing a Mickle disintegrator 
(5). M proteins of all streptococcal types are 
destroyed by treatment with trypsin. All 
strains and extracts employed were treated 
with crystalline trypsin, to final concentration 
of 0.01 mg/cc of each preparation. Capillary 
precipitin tests. All tests between streptococ- 
cal extracts and serum were carried out in cap- 
illary precipitin tubes, by the method of Swift, 
Wilson and Lancefield(6). Readings were 
made in terms of pluses, 1+ to 44+ (14+ = 
approximately 1 mm packed precipitate), at 
best a very rough quantitation. 

Results. All 10 human sera initially tested 
against A extracts reacted with the extract of 
D19/20/4 to give 1+ to 4+ precipitin reac- 
tions. Following this initial observation, all 


{We thank Dr. Rebecca C. Lancefield for supply- 
ing these streptococcal strains. 
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137 sera were set up in capillary precipitin 
tubes with A extracts of D19/20/4. Again 
all sera tested reacted to give a precipitate 
with extract, again giving readings between 
1+ and 4+, 115 of them readings of 2+ to 
4+. 

When several lots of Todd-Hewitt broth, 
the medium in which the strains were grown, 
were tested with human sera no precipita- 
tion was observed. Likewise, 6 normal rabbit 
sera when tested with the extract gave no pre- 
cipitin. 

A extracts were prepared from 3 additional 
Type 15 strains and all 137 sera were tested 
against them. These 3 strains were T15/32/ 
1, an M containing strain like D19/20/4, and 
the 2 homologous glossy, avirulent, non-M 
containing strains, T15 glossy and D19/24 
glossy. The results obtained with these strains 
and with D19/20/4 are shown in Table I. All 
reactions between human sera and extracts of 
glossy strains were trace or + reactions. 

M extracts were made of D19/20/4 and of 
T15/32/1. These extracts which contain no 
group specific carbohydrate, the streptococcal 
C substance, and more concentrated and par- 
tially purified M reacted to give a precipitate 
with all human sera tested. 

Trypsin treatment of heat killed cultures, 
of growing cultures, and of reactive extracts of 
strain D19/20/4 was carried out. Table II 
shows results obtained. The presence of the 
reactive streptococcal factor in all extracts 
correlated remarkably with presence of Type 
15 M protein, detected with specific rabbit 
antiserum to Type 15 M. The tryptic diges- 
tion of the unknown factor is suggestive of its 
protein nature. 

Presence of the reactive factor on the sur- 
face of the streptococcal cell is indicated by 
its removal on trypsinization of the growing 
TABLE I. Precipitin Reactions Obtained between 


137 Human Sera and Extracts of 4 Group A, Type 
15 Streptococcal Strains. 


No. of sera No. of sera not 
giving precipitin giving precipitin 


Extract with extract with extract 
D19/20/4 137 0 
D19/24 glossy 12 115 
M5 /32)/ 1: 137 ; 0 
T15 glossy aa 130 
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TABLE II. Effect of Trypsinization on Group A, 
Type 15 Streptococei and Extracts (Strain D19/ 
20/4). 


Precipitin tests 
With rabbit anti- 
serum to Type 15 M 


+++ 


With reactive 
human serum 


+++4+ 


Extracts of 


Heat killed eul- 
ture D19/20/4 
Trypsin treated — — 
heat killed eul- 
ture D19/20/4 
18 hr culture of 
D19/20/4 
Trypsin treated = = 
18 hr growing 
culture of 
D19/20/4 
D19/20/4 


Trypsin treated a _ 
extract of 
1D19/20/4 


f+ 


18-hour culture. Further evidence for this 
was obtained from a cell wall preparation of 
D19/20/4. Acid extraction of washed, dried 
cell wall preparation yielded an extract which 
reacted strongly with human serum. Trypsin 
treatment of a saline suspension of this cell 
wall preparation prior to extraction eliminated 
the reaction between the extract and human 
serum as well as the reaction with Type 15 
rabbit antiserum. 

Discussion. A substance, protein in nature 
and extractable from Group A, Type 15 matt 
streptococcal cells, reacted to form a precipi- 
tate with human serum. This substance, a 
cellular component, correlates with the pres- 
ence of Type 15 M protein, but is probably 
distinct from it. It is not a T antigen, as T 
antigens are destroyed by heating suspensions 
of streptococcal cells at pH2; moreover, all 
established T antigens, unlike the type specific 
M antigen, are resistant to tryptic digestion. 
The reactive material derived from Type 15 
streptococcal cells is destroyed by treatment 
of A extracts with trypsin, by treatment of 
living 18 hour cultures by trypsin and by 
treatment of Type 15 streptococcal cell walls 
by trypsin. These findings indicated some 
similarity between the M protein of Group A 
streptococcal cells and the undefined cellular 
factor. Indeed, M extracts prepared by re- 
peated alcohol precipitation of A extracts con- 
tained the new reactive factor as well as Type 
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15 M protein. In addition to these similari- 
ties obtained by extraction methods and by 
trypsin treatment, extracts of glossy variants 
of the 2 Type 15 strains available for study 
did not contain the factor which formed a pre- 
cipitate with human sera. This finding served 
to differentiate the unknown reactive factor 
from an R antigen, as R antigens, almost by 
definition, are extractable by usual methods 
from glossy strains, and react to form a pre- 
cipitate with rabbit antisera prepared against 
R containing matt strains of the homologous 
type. 

It was thus evident that the unknown pro- 
tein factor extractable from Group A Type 15 
matt strains of streptococci was not a T anti- 
gen and not an R antigen. Certain of its prop- 
erties were similar to those of M antigens, but 
precipitin reactions between M containing ex- 
tracts of Group A streptococci and sera of 
patients who have had infections even with 
homologous strains have never been obtained. 
Even were precipitin reactions between sera 
of patients convalescent from streptococcal in- 
fections and extracts of the infecting strains 
obtainable, it would be most improbable that 
a random population of 137 individuals would 


Effect of Histamine on F...,, Walue in Splenectomized Dog.* 


all have had infections with Type 15 strepto- 
coccus. Human infection with Group A, 
Type 15 streptococci is extremely uncommon. 

Summary. A precipitation reaction between 
extracts of Group A, Type 15 streptococci and 
human serum has been described. The strep- 
tococcal factor bears some similarity to the 
M protein, but is almost certainly a separate 
substance, probably protein in nature. Like 
the M, T and R antigens it is present on the 
surface of the streptococcal cell. The reactive 
factor has been differentiated from T and R 
antigens. It is not yet known whether or not 
the bacterial factor is antigenic, nor is it 
known yet whether the reaction between this 
factor and human serum is of other than a 
happenstance nature. 
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The overall cell percentage/venous cell per- 
centage (F.<y,Factor) is less than one in the 
splenectomized dog(1,2) as well as in man 
(3). The generally accepted explanation is 
that the blood in the small vessels and capil- 
laries has a lower cell percentage than that in 
the large veins and arteries(1,4,5,6). Hence, 
the F..u, value is presumably influenced by 
the fraction of blood present in the minute 
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vessels. Superficially at least, circulation 
through the small vessels and capillaries ap- 
pears to be quite variable and subject to many 
influences (temperature, bleeding, infusions, 
psychic states, functional demands of the tis- 
sues and a variety of other neural and hu- 
moral stimuli). And yet, in the splenecto- 
mized dog, drastic changes in volume and 
composition of the blood appeared to have 
little effect upon the F..y, value(2). It was 
reported from this laboratory by Deyrup that 
in unanesthetized dogs subcutaneous injection 
of histamine causes prolonged reduction in 
blood pressure(7) and cardiac output(8), but 
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no reduction in blood volume(7). In the 
splenectomized dogs included in Deyrup’s se- 
ries, plasma volume increased somewhat after 
histamine, whereas venous cell percentage re- 
mained essentially unchanged, indicating that 
the ratio, overall cell percentage/venous cell 
percentage, probably had decreased. This 
has now been demonstrated in the experiments 
described below which show that in the splen- 
ectomized dog histamine does bring about a 
marked reduction in F..,,, value which almost 
doubles the calculated percent “extra plasma.” 


Materials and methods. The experiments 
were done on 10 healthy mongrel male dogs, 
splenectomized at least 1 month before ex- 
periments. The dogs were accustomed to lying 
quietly during measurements of blood volume. 
In 5 experiments (Group A), a polyethylene 
catheter was inserted into a branch of one 
femoral artery under local novocain anes- 
thesia for continuous recording of blood pres- 
sure and heart rate on a Sanborn-Twin-viso 
recorder. Cell volume was determined with 
Cr*! and plasma volume with T-1824 as de- 
scribed previously(9). Injections of Cr°! and 
T-1824 were made 40 minutes before giving 
histamine diphosphate subcutaneously (3 mg 
of histamine base/kg body weight) and once 
again in each experiment at some point dur- 
ing the period of histamine hypotension. The 
times of the second Cr®! and T-1824 injections 
ranged from 46-89 minutes after giving hista- 
mine. Cr®! and T-1824 were injected into the 
femoral vein, but all blood samples were 
drawn from the indwelling arterial catheter. 
In addition to the Cr®! and T-1824 determina- 
tions, the hematocrit value and plasma pro- 
tein concentration were measured on each 
sample. In 5 other experiments (Group B), 
the first T-1824 injection was omitted to mini- 
mize the effects of blood sampling and also to 
eliminate the residual dye in the blank sample 
for the post-histamine plasma volume meas- 
urement. In this group, initial plasma vol- 
ume was calculated from initial cell volume 
by assuming the F,.1sFactor of 0.87(2). Also, 
only one Cr*! injection was made at the start, 
post-histamine cell volume being calculated 
from initial cell volume by subtracting the 
counts removed in sampling. Dose of subcu- 
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taneous histamine given in this series ranged 
from 3.6-4.7 mg/kg. Time of the post-hista- 
mine T-1824 injections ranged from 30-110 
minutes after giving histamine. Three of the 
Group B experiments were done under Nem- 
butal anesthesia. 


Results. Changes in blood pressure and 
heart rate were essentially the same as those 
described by Deyrup(7). Within 1-2 minutes 
following subcutaneous injection of histamine, 
the blood pressure fell from average control 
value of 143 to 30-60 mm Hg and was main- 
tained at these low levels for several hours 
while heart rate increased from average con- 
trol value of 102 beats/minute to about 200 
beats /minute. 

Data on cell and plasma volume before and 
after histamine are tabulated in Table I. 
Group A includes experiments on unanesthe- 
tized dogs in which cell and plasma volumes 
were directly determined before, as well as 
after histamine by repeating the injections of 
Cr! and T-1824. In Group B, as stated 
above, volume changes were calculated from 
one Cr®! injection before giving histamine and 
one dye injection after giving histamine. 

In Group A cell volume after histamine in- 
jection averaged 24 ml less than the control. 
The cells removed in blood samples averaged 
about 20 ml. Hence, the small decrease in cell 
volume is largely accounted for by sampling 
and appears to justify the calculations for 
Group B described above. It will be noted 
that plasma volume increased after histamine. 
This is reflected in the decrease in plasma pro- 
tein concentration. 

Changes in arterial cell percentage show no 
consistent trend in the experiments on unan- 
esthetized dogs, but appear to increase in the 
dogs under Nembutal. This may be related 
to the changes in depth of anesthesia and pos- 
sibly also to the volume of samples which is 
somewhat higher in Group A. 

The important fact revealed by the results 
in Table I is the large drop in F..y,Factor 
after giving histamine. In the Group A ex- 
periments, where dose of histamine was 3 mg/ 
kg body weight throughout, average post- 
histamine Fy, value is 0.79, as compared 
with the average control of 0.86 which falls 
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TABLE I. Observed Changes in Cell Volume, Plasma Volume, Arterial Hematoerit Value, 
Plasma Protein Concentration and F,.,;, Value in Spleneetomized Dogs Given Histamine Sub- 


eutaneously. 
Hist., 
Wt, kg mg/kg C.V., ml PSV, ml Het., % P.P., g % Boalt 
pee ee ee Group A 
12.5 3 Control 360 522 48.1 7.12 848 
46’ post hist. 349 569 47.2 6.80 805 
LRG 3 Control 400 588 47.1 7.07 -860 
75’ post hist. 378 624 48.0 6.77 .786 
17.7 3 Control 469 750 45.2 6.59 852 
89’ post hist. 429 765 48.0 6.36 747 
11.6 3 Control 290 586 39.5 6.31 .838 
76’ post hist. 268 600 39.5 6.02 .782 
11.0 3 Control 385 639 41.2 5.91 912 
60’ post hist. 350 692 40.7 5.78 826 
Group B 
6.6 4.0 Control 169 318 39.9 
30’ post hist. 165 357 40.6 778 
13.0 4.2 Control 230 744 27.1 
60’ post hist. 228 746 31.0 755 
t 5.8 3.6 Control 149 327 36.0 
70’ post hist. 146 367 39.0 731 
t 12.0 4.7 Control 337 654 39.1 
110’ post hist. 332 717 43.0 .735 
+ 10.8 3.0 Control 353 804 35.1 
60’ post hist. 348 895 37.6 744 


* Control plasma volumes were caleulated from control cell volumes and hematocrit, using 


Feeiis Of 0.87. 

+ Dogs under Nembutal anesthesia. 
within the range of previously determined nor- 
mal values with Cr°t and T-1824(9). In the 
2 unanesthetized dogs in Group B receiving 
4.0 and 4.2 mg/kg histamine, average Foes 
value is 0.77. In the Nembutalized dogs given 
3.5-4.7 mg/kg average Fons value is 0.74. 

Discussion. It is of interest to compare 
above results with calculations based on Dey- 
rup’s data(7). We include here 4 of her ex- 
periments on dogs splenectomized at least one 
month prior to histamine tests in which plas- 
ma volume change was observed “% to 1% 
hours after histamine injection. Although she 
did not measure cell volume directly, the ini- 
tial cell volume can be calculated with consid- 
erable certainty from plasma volume and he- 
matocrit values’ utilizing the F\..).Factor 
since we know that the latter lies close to 0.87 
(2). From the initial cell volume, post-hista- 
mine cell volume can then be estimated 
~§ These hematocrit values are not listed in Dey- 
rup’s paper, but may be calculated from plasma 
volumes and total blood volumes given in her tables. 


rather closely by subtracting volume of cells 
removed in samples taken prior to histamine 
injection. 

The F..us values calculated from Deyrup’s 
dogs 19-22 inclusive(7), are listed in Table 
II, together with post-histamine F..y. values 
TABI Lie hci. in 


Values Unanesthetized, 


A 


Spleneectomized Dogs after Histamine Injection. — 


Dog No. Foes after histamine 


1 805 
2 .786 
3 747 
4 782 
5 .826 
6 .778 
7 755 
19 D* RSik 
20 D .749 
21D 19" 
22 D .782 
Avg .781 


Stand. dev. .024 


* D denotes dogs in Deyrup’s series (1944). Foes 
values for these dogs are ealeulated as deseribed in 
text. 
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obtained in the present series of experiments. 
It is apparent that the calculations from Dey- 
rup’s experiments are in close agreement with 
the values obtained in the present experiments, 
and that all values listed in the Table fall be- 
low the range of normal values. The difference 
between average post-histamine Fy, value 
and average normal Fon. value, determined by 
Rawson, et al.(9) also utilizing Cr°! and T- 
1824, is highly significant. This is also shown 
by direct comparison of control and_post- 
histamine F..n, values in individual dogs of 
Group A (Table I). 

The term “extra plasma” refers to the per- 
cent of plasma left over when one calculates 
the plasma required to contain all the cells in 
the circulation at the concentration obtaining 
in the large vessels from which samples are 
drawn. In the normal unanesthetized splenec- 
tomized dog, extra plasma amounts to about 
13% of the total blood volume(1,2). After 
injection of histamine, the proportion of ‘‘ex- 
tra plasma” increases to 22% as given by the 
F.eus value. Since histamine causes wide- 
spread dilatation of the minute vessels(10), 
it may be inferred that the increase in percent 
“extra plasma” is the result of a larger propor- 
tion of the blood being present in the small 
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vessels. However, it could also be a conse- 
quence of a decrease in cell percentage of the 
blood of the small vessels. Both factors may 
be operative, but the former seems the more 
likely explanation, 

Summary. From ™% to 2 hours after sub- 
cutaneous injection of histamine (3.0-4.7 mg/ 
kg) the average F.ousFactor of splenectomized 
dogs decreased to 0.78 from the control value 
of 0.87. 
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A New Member of Hepatoencephalitis Group of Murine Viruses. (24810) 
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Frequent occurrence of latent agents of in- 
fectious diseases in apparently healthy labora- 
tory animals may be responsible for error in 
interpretation of isolation procedures. A num- 
ber of transmissible agents have been procured 
within recent years by serial passage of sup- 
posedly “normal” mouse tissues. Some of 
these, namely the ascites-hepatitis agent iso- 
lated in mice in Mirick’s laboratory(1) and 
the mouse ascitic agent recovered in mice at 
Walter Reed Army Inst. of Research(2), are 
associated principally with ascites and hepato- 
splenomegaly. In addition to these agents, 
mice may harbor latent viruses which produce 


massive macroscopic necrosis of liver and 
which on intracerebral inoculation into suck- 
ling or weanling mice may or may not induce 
fatal encephalitis. The latter group of agents 
is designated murine hepatoencephalitis group 
of viruses(3). The disturbing frequency with 
which members of this group of viruses were 
encountered in commercially procured mice in 
our laboratory in Japan in 1956 through 1958, 
in human hepatitis isolation studies prompts 
this report. It is the purpose of this paper to 
delineate murine hepatoencephalitis group of 
viruses and to add to it a new member. 


Materials and methods. Viruses. Three 


HEPATOENCEPHALITIS MURINE VIRUSES 


TABLE I. Members of Hepatoencephalitis Group of Viruses. 
eee 


Virus Origin 

MHV Albino mouse, Parkes strain 
EHF 120 Idem , unknown ” 

H747 ‘“ é % ; 
JHM » Schwentker strain 


viruses were employed. The source of each 
and area of origination are given in Table I. 
MHYV virus(4) in form of lyophilized suspen- 
sion of infected mouse brain was kindly sent 
to us from London in 1951 by Dr. C. H. An- 
drewes. The EHF120 virus(5) in lyophilized 
mouse brain infected with 9th mouse passage 
of the agent was received from Major E. L. 
Buescher in 1952. The H747 agent (unpub- 
lished) was recovered in 1953 in Japan in 
suckling mice from tissues of naturally in- 
fected albino mice. JHM virus(6) was not 
available to us at the time these experiments 
were performed. MHV, EHF120 and H747 
viruses were maintained in our laboratory by 
intracerebral or intraperitoneal inoculation of 
suckling mice. Jmmune sera against H747 
virus was produced in adult mice by multiple 
intraperitoneal and intracerebral inoculation 
of infectious suckling mouse brain and against 
EHF120 and MHV in adult mice by single 
intraperitoneal injection of suckling mouse 
brain infected with appropriate virus mixed 
with Freund’s adjuvant(7). The JHM im- 
mune serum was prepared and supplied by Dr. 
F.S. Cheever. Neutralization tests were per- 
formed in usual manner employed in USS. 
Army laboratories(8) employing dilutions of 
virus in the form of infected suckling mouse 
brain and inactivated (56°C for 30 minutes) 
undiluted serum inoculated intracerebrally 
into 1-3-day-old mice. Complement fixation 
tests were performed in standard way(8) 


Area where 


originated Year Author & ref. 
London 1950 Gledhill & Andrewes(4) 
Tokyo 1952 Buescher (5) 
Be 1953 Morris(3) 
Boston 1947 Cheever, et al.(6) 


using antigens prepared from brains of suck- 
ling mice infected with H747 agent or with 
EH120 virus. The antigens represented 13,- 
000 rpm supernatants of 20% brain suspen- 
sions. 

Results. Findings in neutralization tests 
performed with H747 virus and antisera 
against H747, EHF120, JHM and MHV are 
summarized in Table II. The results indicate 
that antisera we prepared against 2 other 
mouse viruses, 7.e. EHF120 and MHV and 
JHM mouse immune serum supplied by Dr. 
Cheever, neutralized the H747 agent to ap- 
proximately the same degree as did homolo- 
gous antiserum. Selected normal mouse se- 
rum and antiserum prepared in rabbits against 
Theiler’s GDVII virus as well as antisera pre- 
pared in guinea pigs against lymphocytic 
choriomeningitis virus did not neutralize 
H747 agent. In addition, serum of guinea 
pigs, rabbits and monkeys which had been re- 
peatedly inoculated with H747 virus in every 
instance failed to neutralize the homologous 
agent. Reciprocal neutralization tests were 
not done since neither EHF120 nor MHV, 
the other 2 viruses available to us at time of 
this study, consistently induced fatal disease 
in suckling mice inoculated with low dilutions 
of infectious material. 

Results of complement fixation tests using 
antigen prepared from brains of suckling mice 
infected with H747 agent or with EHF120 
virus are summarized in Table III. It is seen 


TABLE IT. Neutralizing Capacity of Serum of Adult Mice Hyperimmunized against H747, 
EHF120, JAM or MHV Viruses. 
(Suckling mice, 1-3 days old, inoculated intracerebrally.) 


Dilutions of H747 virus Immunity 
Serum 102 ile eS hes ls. LORS LD so index (log) 
Normal mouse C7 8/8 2/7 1/6 LO 
H747 5/5 0/5 0/4 Loa 2.2 
EHF120 2/8 0/7 d AN aca 2.7 
JHM 3/6 1/7 0/8 i ees 2.6 
MHV 0/10 1/7 LO-H2 2.7 


* No. mice dead/No. mice inoculated. 


HEPATOENCEPHALITIS MURINE VIRUSES 


TABLE ITI. Results of Complement Fixation 
Tests with Materials from Hepatoencephalitis 


Group of Viruses. 


Suckling mouse brain A.C, 

antigens control 

Serum H747 EHF120 Normal (saline) 
Normal mouse 0* 0 0 0 
H747 1:8 1:8 0 0 
EHF120 1:8 1:8 0 0 
JHM 1:8 1:8 0 0 
MHV he: Lie 0 0 


* 0 — no fixation at 1:4 dilution of serum. 


that complement was fixed in presence of 
H747 and EHF120 infected suckling mouse 
brain and their respective antisera as well as 
antisera against JHM and MHV. In control 
tests none of the antisera fixed complement in 
presence of normal mouse brain antigen. 
Discussion. 747, EHF120, and JHM 
and the mouse hepatitis virus of Gledhill and 
Andrewes are apparently closely related anti- 
genically. Gledhill and his colleagues(4) sus- 
pected an immunologic relationship between 
MHV and JHM, but these workers could not 
establish a clear cut relationship between 
agents by neutralization technic since the neu- 
tralization values of immune sera prepared 
against the viruses were too low or the virus 
titrations were uneven. Buescher, working 
with EHF120 virus, was unable to demon- 
strate a satisfactory neutralization test since 
all mice inoculated with low dilutions of this 
virus did not succumb to their infection(5). 
The H747 virus, however, consistently induces 
fatal disease in suckling mice following intra- 
cerebral inoculation of appreciable dilutions 
of infectious material and this property pro- 
vided a satisfactory technic to study immuno- 
logic relationships of this group of agents. It 
seems probable that the murine hepatoence- 
phalitis group of viruses which are essentially 
suckling mouse viruses are distinct from 
viruses of the Coxsackie group. The latter 
agents, when injected into rabbits, guinea pigs 
and monkeys, are capable of evoking specific 
neutralizing antibody in large amounts, where- 
as injection of JHM, H747, MHV and 
EHF120 into the same hosts is not followed 


877 


by development of demonstrable neutralizing 
antibody. Furthermore, the infectious titer 
in suckling mice of Coxsackie viruses is gen- 
erally of the order of 10-8 to 10-°; whereas the 
infectious titer of viruses described here sel- 
dom exceeds 10+ or 10-°. Recovery of mem- 
bers of this antigenically related group of 
viruses in United States, England, and Japan, 
indicates wide dissemination of this family of 
murine viruses. Accordingly, it is emphasized 
that viruses of the murine hepatoencephalitis 
group may be encountered with varying fre- 
quency in laboratory mice and that presence 
of these viruses may confuse workers who at- 
tempt to propagate the agent of human hepa- 
titis in this host. 


Summary. A virus (H747) which consis< 
tently produces fatal encephalitis in suckling 
mice following intracerebral inoculation was 
recovered in Japan from tissues of naturally 
infected mice. The new virus was shown by 
means of neutralization and complement fixa- 
tion procedures to be antigenically related to 
JHM, EHF120 and MHV viruses. The agents 
comprising this antigenically related family of 
viruses is designated the hepatoencephalitis 
group of murine viruses. 
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Decrease in Susceptibility of Mice to Passive Anaphylaxis Following 
Avoidance-Learning Stress (24811) 


A. F. RasMUuSSEN, JR., Epwrn S. SPENCER AND JAMES T. MARSH 
Depts. of Infectious Diseases and Psychiatry, School of Medicine, University of California, 
Los Angeles* 


A variety of procedures including adrenal- 
ectomy(1,2) sensitization with adjuvants(3) 
and treatment with B. pertussis antigens(4) 
has been employed to increase susceptibility 
of mice to anaphylaxis. Conversely, anaphyl- 
axis in sensitized mice can be prevented by 
prior administration of cortisone and related 
steroids, by lysergic acid and by chlorproma- 
zine and other tranquilizers(5). As part of 
a study of emotional stress and nonspecific 
resistance to infectious disease, we have em- 
ployed an avoidance-learning shuttlebox to in- 
crease susceptibility to infection with the virus 
of herpes simplex in mice(6). To further 
evaluate the nature of the host response to 
shuttlebox stress, stressed mice were tested for 
susceptibility to passive anaphylaxis by intra- 
venous injection of a mixture of bovine plasma 
albumen, BPA, and anti-BPA mouse serum. 

Methods. In a preliminary experiment, 
stressed mice sensitized to bovine plasma al- 
bumen, BPA, appeared to be less susceptible 
than were controls to a shocking dose of anti- 
gen. The difference in response of the 
stressed mice could have been due either to 
impaired immunologic response or to a de- 
crease in susceptibility to the chain of events 
following combination of antigen and anti- 
body. In the following experiments the former 
possibility was excluded by subjecting stressed 
mice to passive anaphylaxis employing pro- 
cedures adapted from those developed by So- 
bey et al.(7,8) for production and quantita- 
tive scoring of anaphylaxis. Anti-BPA mouse 
serum was prepared by injecting normal 5- 
6-week-old mice with 2 mg of alum precipi- 
tated BPA contained in 0.1 ml of physiological 
saline. The mice were bled 2 weeks later and 
the sera harvested, pooled and stored at 4°C 
or —20°C until used. 4- 5-week-old male or 
female mice were subjected to avoidance- 


* Supported by Research Grant from Nat. Inst. 
of Allergy and Infect. Dis., U.S.P.HS. 


learning stress in shuttleboxes for 6 hours a 
day for periods of 1 day or 4 weeks as de- 
scribed(6). Immediately following the last 
period of stress, each mouse was injected in- 
travenously in the tail vein with 0.5 ml of a 
freshly prepared mixture of equal parts of un- 
diluted anti-BPA mouse serum and 0.02% 
BPA, the optimal shocking dose as determined 
by Sobey and Adams(8). Severity of shock 
was scored on a relative basis as follows: (a) 
fatal shock, 4; (b) severe shock with complete 
prostration and failure to respond to stimuli 
followed by recovery, 3; (c) moderate shock 
with crouching and prostration but responsive 
to stimuli, 2; (d) mild shock with scratching 
and agitation, 1; and (e) no signs of shock, 0. 

Results. The results of 3 experiments, Ta- 
ble I, show that anaphylaxis was more severe 
in controls of either sex than in stressed mice, 
with fatal shock in 17/26 controls and in only 
2/26 in the combined stressed groups. The 
chi square for this difference in mortality is 
16.3, significant beyond the .001 level. 


Because changes in susceptibility to herpes 
simplex had been observed only following pe- 
riods of stress of 2 to 4 weeks in our previ- 
ously reported experiments(6), the influence 
of shorter periods of stress on anaphylaxis was 
not initially tested. In a second series of ex- 
periments mice subjected to avoidance-learn- 
ing stress for a single period of 6 hours were 
tested for susceptibility to passive anaphylaxis 
induced as described above. In the first of 2 
experiments 8 of 8 stressed mice survived and 
in the second 7 of 9 survived shocking doses of 
BPA and BPA antiserum lethal to 8 of 10 
controls in the first and 18 of 18 controls in 
the second experiment. Many of the survivors 
exhibited mild to moderate shock but, even 
so, the differences in severity scores were 
highly significant. 

Discussion. Shocking mixtures of anti- 


serum and BPA were clear. Faint  precipi- 


StREss INDUCED RESISTANCE TO ANAPHYLAXIS 
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TABLE I. Severity of Passive Anaphylaxis in Mice Subjected to Chronic Avoidance-Learning 


Stress.* 
6060ea6s@$“Ctv3alaS—0—=—O0R0NeNNNNODOQODOD0DD)O0OToOD0uTmEmeeeeeeeeeeeeeeeeeeeee 


Exp. 48 9 Exp. 54A 9 Exp. 54B @ 
No. Stressed Controls Stressed Controls Stressed Controls 
1 0 3 1 1 if 2 
2 0 4 it 2 1 2 
3 0 4 1 2 1 2 
4 0 4 2 2 1 2 
5 0 4 2 4 2 4 
6 1 4 2 4 2 4 
7 1 4 2 4 2 4 
8 2 4 3 4 
9 2 4 4 4 
10 4 4 
P level of diff. P — .000 P—.10 P—.05 
in seorest 
P level of diff. in P — .002 


scores of all exp.t 


* Severity of anaphylaxis scored as follows: 0 = no signs of shock; 1 — mild shock; 2 — 
moderate shock; 3 = severe shock with recovery and 4 — fatal shock. 
t+ Computed by Mann-Whitney U test (two tailed test). 


tates were seen by ring tests with antigen so- 
lutions containing from 0.1 to 0.001% BPA 
but precipitates suitable for antibody nitrogen 
determination(9) were not obtained even with 
a wide range of antigen concentrations above 
and below those used to cause anaphylaxis. 
Shocking mixtures presumably consisted of 
soluble antigen-antibody complexes formed 
with antibody of low valence; the possibility 
that solubility and shocking activity depended 
in part on excess antigen was not excluded(10, 
TRY 

In contrast to experiments with herpes sim- 
plex(6) in which increased susceptibility was 
observed only after 2 to 4 weeks of stress, the 
increase in resistance to anaphylactic shock 
appears after a single period of shuttlebox 
stress. The rapidity of the response together 
with known increased susceptibility of mice to 
anaphylaxis following adrenalectomy(1) and 
decreased susceptibility following cortisone 
(5) suggest that increased adrenal cortical 
activity is responsible for the increased resis- 
tance in stressed mice. Whatever the mechan- 
ism, the change in susceptibility to anaphylac- 
tic shock following an avoidance-learning pro- 
cedure provides additional evidence for the 
influence of environmental stress upon host 


response to infectious and allergic disease. 
Summary. Mice subjected to chronic or 
acute shuttlebox stress were less susceptible 
than unstressed controls to passive anaphylac- 
tic shock induced by intravenous injection of 
a mixture of BPA and anti-BPA mouse serum. 
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Laboratory Evaluation of Partially-Acetylated Esters of Oleandomycin. 
(24812) 


ARTHUR R. ENGLISH AND Tom J. MCBRIDE 
Bacteriology Laboratory, Chas. Pfizer and Co., Maywood, N. J. 


In vitro and in vivo biological evaluation of 
triacetyloleandomycin,* the fully acetylated 
derivative of the antibiotic oleandomycin,t has 
been reported(1). During extensive examina- 
tion of this new antimicrobial agent, paper- 
gram-bioautograph investigation of chromato- 
grams made from sera and urine samples 
taken from normal volunteers who had in- 
gested triacetyloleandomycin, led to charac- 
terization and identification of 6 different bio- 
logically active compounds(2). This in vivo 
conversion is considered unique, since it has 
not been reported for any other antibiotic. 
This paper documents in vitro and in vivo 
evaluation of these various acetylated esters 


of oleandomycin, studied as independent 
chemical entities. 
Materials and methods. ‘Triacetyloleando- 


mycin, as well as its hydrolytic conversion es- 
ters, 2,3-diacetyloleandomycin; 1,3-diacetylo- 
leandomycin; and 3-monoacetyloleandomycin, 
were utilized as crystalline preparations. The 
3 remaining esters, 1,2-diacetyloleandomycin; 
2-monoacetyloleandomycin; and 1-monoace- 
tyloleandomycin, were used as homogenous 
amorphous preparations. The chemical prop- 
erties and preparation of these acetyl esters of 
oleandomycin have been reported by Celmer 
et al.(3). In vitro sensitivity studies were 
done in brain heart infusion broth (Difco) 
utilizing the common 2-fold serial dilution 
technic. All bacterial cultures used are rou- 
tinely maintained by daily transfers. Normal, 
or antibiotic sensitive, microorganisms were 
employed as well as antibiotic resistant 
strains, all recent clinical isolates. Experi- 
mental infections in mice were produced by 
intraperitoneal inoculation of standardized 
cultures(4). Again, both antibiotic sensitive 
and antibiotic resistant clinical strains of 


* Trade name of J. B. Roerig and Co. Division, 
Chas. Pfizer and Co., for triacetyloleandomycin is Tao. 

t Trade name of Chas. Pfizer and Co., Inc., for 
antibiotic oleandomycin is Matromycin. 


Staphylococcus aureus were studied. Therapy 
was accomplished by oral administration of 
the experimental compound one half hour 
after infection. As reported in evaluation of 
triacetyloleandomycin, dosage range was from 
200 by doubling dilutions to 12.5 mg/kg. All 
results have been calculated, and are presented 
as the Effective Dose 50% (total weight of an- 
tibiotic which protected 50% of mice) and in- 
clude 19/20 confidence limits(5). Forty to 
80 mice were used at each dosage level, de- 
pending upon supply of each experimental 
sample. Pure bred beagles were used as ex- 
perimental animals in serum level determina- 
tions. In each instance, 10 mg/kg of ma- 
terial was administered orally. A small sam- 
ple of blood was removed at 0, 1, 3, 5, and 7 
hours by jugular venipuncture. Immediately 
after the drawing, blood was allowed to clot 
at refrigerator temperature. Then serum was 
removed and assayed by a plate microbiologi- 
cal method with Sarcina lutea as the test mi- 
croorganism. All results indicating biological 
activity in serum are expressed as oleandomy- 
cin base activity. 

Results. The anti-microbial activity of 
oleandomycin, triacetyloleandomycin, and the 
various partially-acetylated esters is presented 
in Table I. As indicated earlier, triacetylo- 
leandomycin undergoes a process of de-acetyl- 
ation im vivo to a number of diacetyl and 
monoacetyl esters. Such a process does not 
occur im vitro in usual bacteriological media 
(1). Triacetyloleandomycin is approximately 
4 to 8 times less active im vitro than the par- 
ent antibiotic, oleandomycin (Table I). In 
this Table it is clearly indicated that all the 
partially-acetylated esters have biological ac- 
tivity against a large number of Gram positive 
microorganisms, including clinical antibiotic 
resistant staphylococci, as well as selected 
Gram negative bacteria. Since in vitro activ- 
ity of each ester varies from microorgan- 
ism to microorganism, it would be difficult 


“Oe | 


PARTIALLY-ACETYLATED EsTeRS OF OLEANDOMYCIN EVALUATION 
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TABLE I. In Vitro Activity. 


se 


a Laem 


: _2,3- ; 1,3- 3-Mono- 1,2- 2-Mono-  1-Mono- 
Triacetyl- Diacetyl Diacetyl- acetyl. Diacetyl- _acetyl- acetyl- Oleando- 
' ; oleando- oleando- oleando- oleando- oleando- oleando- oleando- myein 
Microorganism mycin mycin myein myein myein myein myein base 
Staphylococcus 3.12 6.25 78 8 
Fae Hes 3,12 3.12 1.56 78 
Streptococcus 78 78 pi 78 39 39 39 19 19 
pyogenes ¥ 
Streptococeus 6.25 12.5 3.12 6.25 3.12 3.12 3.12 1,56 
faecalis : ‘ 
Diplococcus preu- 6.25 6.25 6.25 6.25 3.12 3,12 3.12 1,56 
moniae 
Erysipelothrix 6.25 .78 3.12 3.12 78 
rhusiopathiae 
Corynebacterium 12.5 1.56 3.12 12.5 12.5 6.25 
diphtheriae ; 
Listeria mono- 12.5 >100 12.5 6.25 6.25 6.25 3.12 3.12 
cytogenes 
Bacillus subtilis 25 12.5 78 3.12 6.25 78 
Clostridium per- 6.25 78 3.12 12.5 12.5 1.56 
fringens 
Escherichia coli >100 >100 >100 >100 >100 >100 >100 >100 
Neisseria gonor- 50 >100 25 25 12.5 12.5 50 25 
rhoeae 
Hemophilus influ- >100 25 6.25 25 >100 3.12 
enzae 
Antibiotic resistant strains of Staphylococcus aureus, clinical isolates: 
Fl 1 6.25 12.5 1.56 3.12 12.5 6.25 1.56 1.56 
Ma 1 12.5 6.25 6.25 3.12 6.25 6.25 3.12 3.12 
KO 3 6.25 6.25 1.56 1.56 6.25 3.12 1.56 .78 
KO 4 6.25 3.12 1.56 1.56 6.25 6.2 1.56 78 
102 3.12 6.25 1.56 1.56 3.12 6.25 1.56 1.56 
103 6.25 6.25 1.56 1.56 6.25 3.12 1.56 1.56 
100 6.25 3.12 1.56 .78 3.12 3.12 1.56 1.56 
101 6.25 3.12 3.12 1.56 3.12 3.12 1.56 1.56 
to assign any definite rank in activity. in vitro to >100 pg/ml of penicillin, strepto- 


At least 3 are considerably more active 
than triacetyloleandomycin _(1,3-diacetyl- 
oleandomycin; —1-monoacetyloleandomycin; 
and 3-monoacetyloleandomycin) and are 
quite similar to oleandomycin. Three ap- 
pear comparable to triacetyloleandomycin in 
in vitro activity, 2-monoacetyloleandomycin ; 
2,3-diacetyloleandomycin; and 1,2-diacetylo- 
leandomycin. However, these 3 are less ac- 
tive in vitro than oleandomycin. It appears 
that as de-acetylated esters approach oleando- 
mycin more closely in structure, greater in 
vitro activity is evident. All 6 esters have in 
vitro activity against the 8 clinical isolates of 
Staph. aureus, which are resistant to a num- 
ber of commercially available antibiotics 
(Table I). For example, all esters were active 
against clinical isolate Fl 1, which is resistant 


mycin, tetracycline,t oxytetracycline,t and 
chlortetracycline.’ All esters were active in 
vitro against Ma 1, which is resistant to > 100 
pe/ml of erythromycin,|| in addition to those 
antibiotics just mentioned. Activity was 
demonstrated against strain 101 which is re- 
sistant in vitro to all the antibiotics listed here, 
and to >100 pg/ml of chloramphenicol! and 


t Trade name of Chas. Pfizer and Co., for anti- 
biotic tetracycline is Tetracyn, for the antibiotic 
oxytetracycline, Terramycin. 

§ Trade name of American Cyanamid Co., Lederle 
Laboratories Division, for the antibiotic chlortetra- 
cycline is Aureomycin. 

|| Trade name of Eli Lilly and Co. for the anti- 
biotic erythromycin is Ilotycin. 

{Trade name of Parke, Davis and Co., for the 
antibiotic chloramphenicol is Chloromycetin. 
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TABLE II. Activity against Experimental Infections in Mice. 


PARTIALLY-ACETYLATED EsTERS OF OLEANDOMYCIN EVALUATION 


ED,o—19/20 confidence limits—mg/kg 


1-Mono- 2-Mono- 3-Mono- 1,2- 1,3- _2,8- 
Oleando- Triacetyl- acetyl- acetyl- acetyl- diacetyl- diacetyl diacetyl- 
mycin oleando- oleando- oleando- — oleando- oleando- oleando- _—_ oleando- 
Organism phosphate myein myein mycin myein mycin mycin mycin 
Streptococcus 28 36 20 18 20 29 29 85 
pyogenes (31-25) (42-30) (35-15) (25-13) (385-19) (41-21) (41-21) (135-53) 
Diplococcus 110 95 100 > 200 >200 >200 >200 >200 
pneumoniae (132-92) (113-80) (140-71) 
Staphylococcus 47 56 22 20 27 23 110 160 
aureus* (52-43) (62-51) (82-15) (27-15) — (40-19) (34-18) (132-91) (184-139) 
Antibiotie resistant strains of Staphylococcus aureus: 
Fl 1t 38 62 33 30 75 35 84 >200 
(47-31) (81-48) (41-26) (41-22) (97-58) (47-27) (104-69) 
Ma it 68 70 33 52 71 88 >200 >200 
(95-49) (87-56) (42-26) (73-38) (92-51) (116-67) 
101$ 60 60 44 72 fal 88 >200 > 200 
(75-48) (75-48) (56-35) (108-48) (92-51) (122-63) 
100 34 49 62 19 135 35 67 > 200 
(42-27) (66-36) (80-48) (24-16) (184-95) (5428) (89-50) 
103t 39 36 34 43 48 42 165 >200 
(51-30) (47-28) (49-27) (61-30) (60-87) (60-29) (212-127) 
102+ 65 105 64 53 81 70 >200 >200 
(81-52) (126-87) (90-45) (77-35) (109-60) (105-47) 
KO 4 53 76 44 36 54 46 175 >200 
(58-48) (94-61) (56-34) (51-25) (79-37) (66-32) (248-123) 


* Antibiotie sensitive. 


+ Resistant in vitro to >100 wg/ml of penicillin, streptomycin, tetracycline, oxytetracyeline, and chlor- 


tetracycline. 


¢ Resistant in vitro to >100 ug/ml of erythromycin, in addition to those antibiotics listed previously. 
§ Resistant in vitro to >100 ug/ml of chloramphenicol and novobiocin in addition to those antibioties 


listed previously. 


novobiocin. 

In vivo studies. In vivo activities of the 
various esters against 10 experimental infec- 
tions in mice are presented in Table II. It 
should be remembered that these experimental 
infections were produced by normal microor- 
ganisms (antibiotic sensitive) as well as micro- 
organisms resistant to commercially available 
antibiotics. Strains 100, 101, 102, and 103 of 
Staph. aureus are recent clinical isolates. 

By visual comparison of ED;» with its 19/ 
20 confidence limits, 2-monoacetyloleandomy- 
cin; 1-monoacetyloleandomycin; and 1,2-dia- 
cetyloleandomycin would be considered most 
active of the esters. These 3 appear to be at 
least as active as oleandomycin, the parent 
antibiotic, and seem to be more active than 
triacetyloleandomycin itself. The ester, 3- 
monoacetyloleandomycin, has good in vivo ac- 
tivity; however, the EDs» and confidence lim- 
its against Staph. aureus 100 are unusually 


high as compared to other esters. The anom- 


aly is emphasized by in vitro activity shown 
against this strain, 7.e., 0.78 ug/ml. The ester 
1,3-diacetyloleandomycin, had selected activ- 
ity against a number of experimental infec- 
tions, yet had ED; 9s of >200 mg against 
others; 2,3-diacetyloleandomycin had activity 
against the experimental infections produced 
by Streptococcus pyogenes and the normal 
Staph. aureus. Against the remaining 8 ex- 
perimental infections, ED; 9s of >200 mg/kg 
were obtained. 

Biological activity, expressed as pg/ml of 
oleandomycin base, readily appeared within 
one hour as peak concentrations after oral ad- 
ministration of each of the 6 hydrolytic esters 
of triacetyloleandomycin at 10 mg/kg to bea- 
gle dogs (Table III). Quantitatively, highest 
serum levels were detected after oral adminis- 
tration of 2-monoacetyloleandomycin;  1- 
monoacetyloleandomycin; and 2,3-diacetylo- 
leandomycin. These average serum concen- 
trations obtained during the 0-7 hour experi- 
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TABLE IIT. Serum Levels in Dog after Oral Administration. 


Avg serum levels (ug/ml) at designated hr 


Antibiotic 0 
2-Monoacetyloleandomyein 0 
Ratio 
1,3-Diacetyloleandomyein 0 
Ratio 
1,2-Diacetyloleandomycin 0 
Ratio 
1-Monoacetyloleandomyecin 0 
Ratio 
3-Monoacetyloleandomycin 0 
Ratio 
2,3-Diacetyloleandomycin 0 
Ratio 
Oleandomycin base 0 
Triacetyloleandomycin 0 


1 3 5 if 
1.678 .809 132 Dadar 
10/10 10/10 4/10 0/10 
.871 416 .068 n.d. 
20/20 18/19 7/20 0/20 

.976 .659 n.d. n.d. 
10/10 10/10 0/9 0/9 
1.427 671 128 .002 
25/25 24/24 10/25 1/25 
1.081 494 .093 .007 
25/25 20/25 8/25 1/25 
1.259 546 pile .050 
25/25 21/24 11/24 4/24 
2.530 519 114 .016 
1.340 .706 181 .035 


* n.d. — not detected. 


mental period for these 3 esters were higher 
or very comparable to those obtained for tri- 
acetyloleandomycin and oleandomycin base. 
The remaining 3 esters produced serum levels 
quite similar to each other, but slightly below 
concentrations detected for triacetyloleando- 
mycin and the base. 

Serum levels achieved in man after oral 
administration of single doses of 250 or 500 
mg of the esters, and triacetyloleandomycin 
are presented in Table IV.** It is obvious 
that at all time intervals, highest serum con- 
centrations were achieved after oral adminis- 
tration of triacetyloleandomycin. Next in 
rank would be 1,2-diacetyloleandomycin; 2,3- 
diacetyloleandomycin; and 1,3-diacetylolean- 
domycin. A third order would be 1-monoace- 


TABLE IV. Serum Levels in Man. 


ug/ml in 
Total serum at 
dosage, mg hr 

Antibiotic (orally) 2 3 6 
Triacetyloleandomycin 250 90 .66 .32 
1,2-Diacetyloleandomycin 66 .55 .23 
i3- e 54.40 23 
1-Monoacetyloleandomycin ” AL Ade e17 
2. hi re wor eo" 14 
3- 4 ¥ 29 .27 18 
Triacetyloleandomycin 500 1.99 1.80 .95 
2,3-Diacetyloleandomycin «6 1 Ol 00 ae OO 
Oleandomycin base MS 83) slo” On 


** The authors wish to acknowledge assistance of 
Dr. Michael Carlozzi for these data. 


tyloleandomycin; and fourth would be 2- 
monoacetyloleandomycin and 3-monoacetyl- 
oleandomycin. Oral administration of 500 mg 
of triacetyloleandomycin results in serum lev- 
els 2.16 fold; 2.4 fold; and 1.8 fold at 1, 3, 
and 6 hours over those obtained by a similar 
dose of oleandomycin base (Table IV). Simi- 
larly, increases in favor of 2,3-diacetylolean- 
domycin over those of the base at same time 
intervals were 1.3 fold; 1.3 fold; and 1.1 fold. 

It would be propitious if one could unequi- 
vocally relate in vitro data, chemotherapeutic 
experiments in mice, serum levels in the beagle 
dog and man, to present a straightforward rec- 
ognition of the efficacy of a therapeutic agent. 
Unfortunately, not all of these data can be 
related to each other so directly. For example, 
although 2-monoacetyloleandomycin rates as 
high or higher than triacetyloleandomycin or 
oleandomycin in in vitro activity, in chemo- 
therapeutic activity in mice, and in ability to 
produce serum levels after oral administration 
to dogs, it failed by approximately one-third 
to produce serum levels in man attained by 
triacetyloleandomycin or oleandomycin. Al- 
though 1,3-diacetyloleandomycin and 2,3-dia- 
cetyloleandomycin were quite active in vitro 
and produced good serum levels in man and 
dogs, they were without question, the least ac- 
tive against experimental infections in mice. 
It is obvious therefore, that the direct rela- 
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tionship desired for such a variety of data is 
lacking. 

However, it is known that after oral admin- 
istration of triacetyloleandomycin to man, an 
ever-changing, dynamic series of events occurs 
that can be detected in sera and urine, i.e., the 
de-acetylation of triacetyloleandomycin to at 
least 6 distinct, biologically active esters. Ob- 
vious questions as to time of appearance and 
disappearance of each, quantitative amount of 
each, possible effects of each single ester act- 
ing in the presence of other biologically active 
esters as well as oleandomycin, await more 
precise and novel experimental protocols. As 
these questions are answered, it is hoped that 
the relationship between these data will be- 
come more apparent. 


Summary. Triacetyloleandomycin, the 
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fully acetylated derivative of the antibiotic 
oleandomycin, is hydrolyzed in vivo to at least 
6 partially-acetylated esters. Jn vitro, in vivo, 
and serum concentration studies in the beagle 
dog and man are presented for these biologi- 
cally active esters of triacetyloleandomycin. 
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Toxin, endo, antihistaminic and antiserotonin 
drugs. 346. 
effect on epinephrine activity. 288. 
gastrointestinal mucosa. 557. 
of zymosan. 796. 
Escherichia coli, distribution. 6 
tetanus, effect on muscle. 282. 
Tubularia, nutritive substances. 186. 
Tumor avian neoplasm, erythroblastosis. 517. 
visceral lymphomatosis. 514. 
homograft, enhancement. 762. 
immunologic treatment. 31. 
lymphosarcoma, [181 labeled fibrin. 259. 
Novikoff hepatoma, amino acid requirements. 
115: 


amino acid require- 


on 


Ulcer, steroid induced, prevention. 596. 
Ultraviolet radiation, inactivation of serum oxi!- 
dase. 643. 


Virus, binding of Kethoxal. 312. 
bovine rhinotracheitis, inclusion bodies, effect 
of fixatives. 856. 
canine distemper, tissue culture. 551. 
hepatitis. 135. 
plaque formation. 600. 
ECHO type-12, isolation. 743. 
type-13, isolation. 425. 
effect on ciliated epithelia. 407. 
encephalitis, in tissue culture. 722. 
entero, cultivation in kidney tissue. 316. 
fibroma-myxoma, transformation, DNA re- 
lation. 726. 
hepatoencephalitis group, new member. 875. 
herpes simplex, effect on Hela cells. 780. 
influenza, adsonption characteristics. 561. 
Asian, characteristics. 672. 
diagnostic procedures. 367. 
isolation. 272. 
JB, tissue culture. 840. 
lymphoid leukemia, prevention. 610. 
meningopneumonitis, particle counts. 543. 
mouse hepatitis, in tissue culture. 97. 
mucosal disease, in tissue culture. 84. 
poliomyelitis, effect of aging. 505. 
ribonucleic acid effect. 843. 
vaccine, filtration effect on potency. 276. 
polyoma, cytopathogenic effect. 229. « 
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proliferation, X-ray effect. 817. 
psittacosis, folic acid-like factor. 370. 
Sindbis, effect of aging. 505. 
vaccinia, loss, of hemagglutinin. 629, 
Vitamin A, in serum proteins. 373. 
Be, relation to adrenocortical function. 111. 
By amides, microbiological study. 825. 
binding capacity of cerebrospinal fluid. 607. 
deficiency, hematology. 335. 
placental transfer. 214. 
carotene, in serum proteins. 373. 
FE, role of glycine. 657. 
folic acid deficiency, urine formiminoglutamic 
acid content. 349. 
-like factor, psittacosis virus cells. 370. 
pyridoxine, effect in alcoholic intoxication. 258. 


Water excretion effect of 6-methyl predniso- 
lone. 615. 
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Wounds, tissue glycoprotein, 501, 


X-radiation, effect on antibody formation. 817. 
of blood-forming tissues on survival. 395. 
discrimination learning. 78. 
excretion of B-aminoisobutyric acid. 130, 
heterologous bone marrow persistence. 414 
lethal, effect of immunized parental bone mar- 
row. 417. | 
inet gies a by cabbage and broccoli, 


plasma iron turnover. 481. 
Yeast Histoplasma capsulatum, immunization. 356, 
Zymosan, ageglutinating factor. 49. 


effect in Shwartzman reaction. 765. 
endotoxin toxicity. 796. 
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